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*PpUc, tim s „ ial ^ l " » »»ti»,. tI<>1 ,. ln . Mrt o( 
»hich „, s , == n » matl fllM J " y 2 <- »» 

«/.».™ 14X a S" Ca "° n ~ tal 

The field of this * 
xenogeneic specif ic is the Production of 

host . lndlng P rot «"s in a viable maJmBalian 

Backcp-mi^ 

The ability to ^» j 
revolution^* with ^ -en 

^rine ejnbryonic ^ ; nt <* th. ab ility to culfcure 

modification in these cells ^ "troduce genetic 

to the mouse gerfflline . ^" ' ~ sub - g uent transmission 
modify endogenous genes to , ^tunity to 

. of producing novel pr^T*" ^ 
^es into the ho.t,^!^ * * nt «— "on of foreign 

-ogeneicMndingpXL T \? ^ 9M " * — 
^^-^9 in an animal J ex P«ssio„ of such genes 

ot function^ r^ 1 ;^ Pr0V ^ investigation 

expression, its processing ^ r6gUlation <* gene 

the 11Jta . In a reSP ° nSe to various agents 

•"ition, an.mals with new phenotypes 
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produced P * lmic a ^riety of d iaM 

im- , F ° r sample tho y ° fdlseas ^, may be 

introducing = ^ ' tft ere i s . 

aucmg a do minant mut interest in 

« cessivemutat . on ut at n or con , plein 

5 ««icul* of achiev tne particuIar gfin t 3 

^••tly. While SO! » e g gen h e S t d a S r Sir ; d ^ion win vary 

, B ^ause of the opport " f t0 mod i^ation. 

--I*, there is su :i:^~ — rating transgenic 

Prcc edures that t«l terest , n providing 

transgenic anilnals- the su =«« of production of 

introduce l arge DNA J^^' *~ "» Z 
^obases, there is subs ^ ^ ; -co rapassing 
to introduce the i arge ^ C ° nce ^ about the abllity 
— alian C eli s , t J\£^* *» intact fonn into y 
functional capability <* integration, the 

T fra9JBent «- tra„ sni i ssion in 'L ° n the 

» ^ition, such procedure , t0 the Progeny 

fr agaents provi P de ° C ; o d ; res introduction of Lr^ 

of large dna ^termination of th* * 

NA f "Stents identifi^ • '"notion 
genome project. ntlfled ln the ongoing human 

In Particular th<> 
.xenogeneic sp ec ifi ; bindi ^ ; s -terest in producing 

monoclonal -"bodies, i^l^T' 

miCB ' Monoc lonalanti^,._::. a ° 0rat0r y a »i*>als such 
thera Py • Because of 2 b ° th dia *nosi s 

•P-ci«e epitope, they can ^ to bind te . 

-lecules carrying ti*^ — to identify 

specific •**• tor d ia g ;:;ror th another moi ^ - • 

Monoclonal antibodi therapy. 

— ^ togethe'ttfr?;.^- 1 ^-^ 
epitope. Each of a hiding region ^ 

a reg f n * instant ^ "^^^ <* a var iable 
Se ^— is specific fo ; a T E he ;° nSt -t regi on a wino 
"tabody, as wen as isot ype of the 

which produces the anfc . bo 
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antibody i s produced fs • t Whlch the 

ant ibody into t he ; 1^ "r dUCti ° n 

- iaaune response - tu^t M ^ 

introduced repetitively i nth antibody is 

it beco.es impractical t 'o ad CaSe °' diseases ' 
^ will be rapidly destr r iSter ^ *^ 

— There p / ° y ; hs r: may have - — 

Provide a Source of svna6 ■ th " r "° te ' »«* *«°rts to 
One technique has 1^1" 

technology where the genes for th.T °* reCOInbinant D ™ 
fro™ a host were identif d and th ^ "* ^ ^ 
constant region isolated These regi ° nS 6nC ° ding the 
^ the variable region re91 ° nS then 

i-unogiobulin genes fro! T ? P ° rti ° n ° f ° ther 
specific epitopl SPeCieS di "^ed to a 

While the resulting u- 
antib Qdy is substantiaii^r:::^ ^ ^ 

xenogeneic antibody, it stil , USln9 a fullv 

disadvantages. Theidm,*.<*- ^. * numb er of 

one species to a variab3» *- • consta nt region from 

regions, so as . to lQ "mity of the variable 

variable region. " so ^ '"^ Pr ° PeEtieS ° f the 
hypervariable sequences specific" for" frai " eWOrk 
variable region The „ " 3 SPeCieS in the 

sequences fflay result in h and ^variable 

" would ther fore SSlrable anti? - ic 
allogeneic antibodies for ad"" deSirabl£ ^ Pr0dUCe 
i-unizing the host w ith ^ * ^ * 

Plates, Particulari/r^r";? ° f intSreSt - ^ 
practical. The human air > T approach is not 

nave been based on £*T" ^ ^ P^ced 

available spleen L m a h ^ P "" nce ° f an 

en, from a host wh . ch fceen prev . ous 
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Peroral bl ood ly^tef lat8 «" • W, ile human 
Production of mo nocl onal "* y be for the 

P-ticularly successful «■ these have oot been 

5 ° nl y to i gM . Moreover n fusl °- have usually ied 

^-ate a human ' t ^ s Particularly d if ficult to 
^ a desired ™ a g ainst a hw&n 

dlagn ° Stic applications. There i T and 
interest i n finding mlba ^ e ^erefore, substantia! 

of ai — --odie^irr 63 to the *~» 

^^^ai^y^eraturg 

Thomas and na^. ,_ , 
• — er and S^'a^ ' ^< an d 

f*«3 a -89 35 describe ^ ; i ^ Jia£i ^^i^, 
locus by homologous reco ^7^ th. W-mier^^ 

? W l0CUS - Bur ke , f I987 " ? ' d6SCribe thS hun - 

descrzbe yeast artifi cla T eh ^sie^ ^ 80( >- 8l2 

Garza tt ^ SLTT 0 " *** ^ 

Ascribe a divM^^^; 1348 " 135 *- ^akano, ^ al 
^ain 3enes ln sak J o 7* e - «* immunoglobulin h^vy 

^1351-1357 describe (1987 ^ ^_ i __ Jsgsu ^ 

See also, ^ fc ^ V ~*able heavy chain 
155 ' braver tt ^ ^J * f ' <«89> , N^, ^ ;153 _ 
*^898-590 2 . Pachnis t a T ,7,^^^-^ 
Bruggemannetal., Proc _ ap P llca t lon PCT/ US9l/00245 

antibodies with human heavy ^ Clonal 
^^'^-^^^^^^ Albertsen et al.. 

the ™^^T^rT i J A26 ° {1SSQ) - describe 

Ubrary ° f arti ficia ; 
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chromosomes containing human DNA 

artxfidal chromosome vectors are, " Yeasc 

-1- 2 3 6:8 0 6 -8 12 1987) re p dSSCribed * Bu *« et 

* introduction of '^1 (1 " 0 > deS "ibe the 

human-derived insert T a" rSS1StanCe CaSSett * into the 
"sing homologous r™K * artlficial chromosomes 

-n-u :rrr° . - a ^ «- — - 

« - « u ^ aroro : 1 „r" ; the """" 

mammalian cells E li • • carr ymg human dna into 

12:2179-2183 ( 199l) ZT ^ EX3 ^-^-^M^m 
15 -lis of yeast a ^ t eXPr£SSi0n in — 

Huxley ec al " ^osome* containing human 

chromosomes containing the h artifi =^l 

20 de ^ibe ^nT^ToTSr^" ^ (5,:239l -2395 ( 1992) 

^tero 2ygous e*^*.^""^ ° f «" to grow 
homozygous mutational^ alte" d'el'is ^J^'^ " 
fusion W i th mouse fibroblast • I Protoplast 
al " ^r^o^^^^^ 8 ^ 18 by Traver et 

Davies ^T^r^-^^ 52:5109-5113 
(1992) describe taroet^ ^-^LBea. 20:2693-2698 

^?r ( a ;;rT " YAcs - — 

immunoglobulin li ght (k ' bribes the hmnan 

30 --^^^ Tes^rtT locus; Matsuda et ai -< ■ 

12:3641-3645 (1991) des ( '" 3) ^ Shin « al . , ^ 

immunoglobulin heavy {Xa ^\ * ^ Cl ° nin9 ° f the "uman 
^ U 9 H) locus in YACs. 
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Xenogeneic soen'f^ u * 
3 .. -PPr^rUt. LJ^T lraUnl! ' tl0 ° M 

producing endoa enou « subst ant la ii y incapable of 

»"vy ch, ins to pro " c " J " 1 ™'"°' 1 °>™li'> light ,„ d 

. "---^ir^s^r - 

of, or an entire w „„„ . . suost ituted by a portion 

chromosome of ^ hQst 91 1 loc ^ ^serted into a 

1-unoglptaiHn region Th V Activated endogenous 

>e achieved, at least in pa" will 

recombination for lnact J Y e ™ ployin 9 homologous 
20 immunoglobulin loci for tie " "^—t at the 

Additionally ITJ li5ht <*ains. 

«*j.xy, novel method*: 

introducing l arge segMnts ~* a " Provided i„ 

particularly mi ce h„ • * host animals, 

* chromosome (ttC) e^^*** 3 ^ 

at least loo L J* 1 " 1 " 5 3 *-*g«..ic DNA segment of 

^ration into the ^me V~ cT ^ 
of stem cells comprising «.„ U ' sele =tion 

a marker present Tn, h lnte * rated * AC *Y means of 

'0 containing HS ce lT s Tnt ' « the VAC- 

chimeric mice from the ^T^f ° f 
be mated to provide ani™^ chimeric animals may 

VAC The hetero Zyg o US " 1 " t '"^ tne 

Progeny homo^ f tr"" ^ * t0 e 

> y9 for the integrated yac. 
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the noulTL^L^TZ** inaCtivat -n vector for 
;ifl£S. 9 ° n ' as d ««ibed in Exainple x> 

«- plrj: ^ ° f DMA restriction mp fQr 

genSS ' as Ascribed in Exampie^ln^ ^ J 

Figure 3 is a fi 

fining for lgH allotyp^i^^ ^ ° f antib °<* 
in Example 11,^. ^ M m ° USe as described 

Figure 4 i s a flow 

raining for IgM allotypes^T^ ° f antib °<* 

i» tan*!. II( 7568 ln «»•• strains, as described 

the mouse ii-L^o^^* inac tivation vector for 
Scribed in Example ^ 3enes, as - 

Figure 6 is a dia 

m Example m, igfr^. 

Figure 7 i s a di 

light chain targeted locus a ? reStriCtlon of the 
Aato. US ' 38 des ^ibed in Example riI< 

Figure 8 is a di 
inactivation of the £™ ,°' J** Cargetin 5 sector tor 
-gions and design of th ***** J and "^nt 

described in Bxample iv, tar ^ting experiment as 

regions as described in Exam „, 9 f Chaln J and constant 

n Exan >Ple IV, inl£g. 
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regions as described £ * ~ — 

- -"^rL; 1 :™ of the ~ ™ 

aescribed in Example ^ ^eted cell, as 

sou t ^ u ;Lrana'i s ri e to pho r 3raphs of the resuits ° f 

^ dna integ ^ fc L c r:r ze yHpRT and yeast 

= pBR3 22:S pecif ic seguences To, t hl SegUenCe '' B ' C 

(C) yac arms; D . yea ^ Z ^ ' W aad left 

single copy gene - lto ^ ^ E = yeast 

xx a S ™ to ^ h rr;;~ times (i2 hrs *~ 

. ■ — ^ sequences aiso are a W±th ^ u 

secular weight markers ^ Positi °- <* 

(a) and left < b ZToT.Z TV"' °* *** 

derived YAC vectcT f "* ^ locat ^ of P BR3 22 - 

L vector fragments are shown ( - 
= yeast-derived sequences- o " telomere; 

pB*3 22 - der ived sequels I ^ Beat "-™' - 

zoning site; H - Ld IX i siJs, ^ = ^ 

yeast genomic sequences k ^Tc^T " 
described in Example vi, ^ ,f R ' Chrom °~ as 
from ESY 8-7 cells h Jh ^ =meta P hase spreads 

sequence! nd "T^T ^ 
interphase nuclei fro, ESY IT * " ° = 

biotinylated yeast repeated L hybridized to 

repeated DNA sequences) . 
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Figure 14 A, b r ^ 
of vhprt . remonstrates the stahlo 

yHPRT during in _ J£i ^ ne stafa le retention 

transmission through the „n diff Satiation and 

E *-Ple vx, ^ (A thS ^ine, as described in 

differentiated cell types-c I bl = , b ° dleS; and 

— le; e - neuronal Zl s f ^ ' ""^"cting 

ESy Clones; B: Southern ' / = tubules f ormed by 

differentiated ESY 5 2 3 T^ 3 - ° f DNA extracted 
yHPRT i„ Ml3fl0 (4Q -3-6. 8-5 and 8- 6 (20 wJ ^ 

^ast Ty sequences; C - South t = ^ probe "' *> = 

«0 «T> fro, 2 ag ut : S o ^» -al ysis of tail 

* - iy s eguences; s a - human Mu and 

yHPRT probed with Ty are shown ^jj^ ° f ^ « 

Figure 15 a and b 
electrophoresis ge i showinq * P^tograph of an 

*™ ,ene in various ^ ^ of the human 
B-ampie V1/ ^ ^ tissues, as described ^ 

using reverse transcripts p' £Ctl0n ° f ^ HPRT ™» 
7 * ell.. s P i een and Uv er Z " ^ 3 ' 1 **. 
agouti offspri ng; 15 B = * COntr <* *ice or Esy 4 . 3 

receptor mRNA by R Section of mouse r - ijlterf 

marker; . * ln sa ">Ples from 15 A; M = 

Figure 16 is a diac . ram 

heavy chain locus, and a h„ ilranun °9lobuli n 

^vector, as described in ^ 7 ^ 

n Exar "Ple vii, _jLnfra. 

Figure 17 i s a diaaram - 
aS Ascribed in Example ^ °l^° USe bre ^i ng scheme( 

Figure 18 depicts th« 
-—1. p.**™, by the „ eth S :; s ° C J" «' — « .h. „„ t 

as of the invention. 
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Novel transgenic nn „ u 

— .11™ ho St! , : sua l! z7:r hotts ' 

introduction of a , to thls invention tho 

as a result of inaci . • ? lnS ° r anal °^ thereof 

xenogeneic DNA, for e ^ intr °«^tion of 

^^•a.WlS* encoding human 

Portion of the xenogeneic Co: :!;; 7 ^ « ^ a 

for assembly of the variable ^ WhiCh 

»* the c-ter*inus to . ^i^? 10 " bln<Un » 

Peptide fflay take fflany fo Z a The Actional 

as an en Zyrae , grov ^ -Rations and aay serve 

cytokine, effector Dro ^. , ng protei "' ligand, 

• - .1^.2: e - 5 - *»• °* *"> ~ 

In a first strategy .',„.. 
xenogeneic, e . g . fl * y ' as "dzvxdual stepS/ the 

immunoglobulin genes are J ' ^ a " d chain 

C9. s Perra or oo= yt s r a nd T lnt ° h ° St ^ 
corresponding host g enes a J Se P a "te steps the 

™* light chain inununogioburirr" 1 " 3 ' 10 "- 
« an appropriate eukarvLT " *" rec °"structe d 

- the re SUltin / D ^I™ ry ° ticrai -organis m 
the appropriate host for * ^ * into 

fertil ized raouse oocyte r s eX o ample int ° the pronuclei Qf 

or embryonic stem cells . 
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inactivation of the endogenous host immunoglobulin loci 
is achxeved by targeted disruption Qf ^ £j 

by homologous recombination in the host cells 
particularly embryonic stem ^ ^ • 

xnvo; \ , m ° USe ° OCyteS - targeted disruption can 

involve Production of a lesion or delet ion in the target 

b TZZ dSleti0n Withi " ta ^ et 10CUS acccpanL 
sel l T ^ l0CUS ' f ° r SXample ' ins ~tion °f 

cells chimeric annals are generated which are derived 

capable of T ^ ^°nic stem e . u . and are 
capable of transmitting tne genefc - c ^ 

the germ l lne . The mating of hosts with introduced human 
^unoglobunn loci to strains with inactivated endogenous 
loci wxll yield animals whose antibody production is 
purely xenogeneic, e.g. human . 

of thfn" T' alternative strat ^ at least portions 
the human heavy and light chain i3nmunoolobulin 

are used to direotlv rsniaro locl 
rectiy replace the corresponding endogenous 
immunoglobulin loci v™ k •> oogenous 
• by homologous recombination in 

embryonic stem cells. This results in simultaneous 
-actuation and replacement of the endogenous 
= lobulin This is followed by the generation 0 
chimeric anxmals in which the embryonic stem cell-derived 
cells can contribute to the germ line. 

These strategies are based on the known organisation 
of the xmmunoglobulin chain loci in a number of animals, 
■inc. the organization, relative location of exons 
-coding dividual domains, and location of S pi ice si Z 
and transcriptional elements is understood to varying 
degrees xn the human, the immunoglobulin heavy c Ll 
(IgH„J locus 1S located on chromosome 14. m the 5' - 
3 ' direction of transcription, the !ocu S comprises a large 
cluster of variable region genes (V H ) , the diversity (o) 
rag lon ge foUowed fay ^ ^ 

and the constant ( c H , gene cluster. The size of the locus 
is estxmated to be about f rom x, 5 00 to about 2,500 
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*ilobases (kb) . During a 

9ene segments f roni the d ^elo pmsnt , discont i nuoUs 

»y «.. n . o, a Physical ;;;; ra 1 ; ne **« ^ «. juxtaposed 
a functional he 4 a T;~ oft ^- A . Inorder 

Produced, three discontTn,, Peptide to be 

°< Jh regions mu ;: n :;~ A ~< ^ «» Vh , 

faShio "'- ^ s t o to J H tLn v " aSPeCifiCSegUential 
functional unit v„dj n " ° Jh ' derating the 

« the Ig j » tui! ,' te M '° Uo "'»«*^ipti», 

There are two loci for ^ 

the kappa loe £ *~ ""^buii,, llght chains 
on h _ — - o :?e 2 and the 

except that the „ region J *° that of Iff locus, 

^arrangement, r*a«L^ t ^ ~' 
■i-ilarly ac COI » P ii shed g by ^ \° \ ^ Chai * l°au. is 
°r la mbda chain. The siz L of 1 ° f ^ kappa 

are each approxi raately 1Q00 ' laabda and Xappa loci 
of rearranged x g „ an/ ^"ssion 

Particular B-celi allovs f or the ^ ° hain ±n a 

molecules. f ° r the generation of antibody 

-P^yed. A yac 0^ t h r0fflOSOffle " -y * 

introduced into ES CPll xenogeneic dna 

m ay be 

methods, including yeast" a T by * Variet y of 

Microinjection and Hp/^f er ° PlaSt: ES fu.ion. 
--ly ( , e . -o^^^^^t. 

If yeast =Pheropl ast : ES cell f ^ h ° St * en °">e- 

introduce a YAC carr fusion is employed to 

-Us, then two or mo / e 4s X T enei ° ^ int0 * S 
nay be introduced sinult™ * S1 " 9le ye3St host ceil 
««• ^eadvantage of t ! ° USly ^ tte "« *,.t ES 
each containing ^ MCh is ^t aultlpl . , ACs 

- «»* -ain i^unogiobuun' loc i Tn^ h — 

can be introduced 
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human Ig reneHn or r f r i,nalS 

producing ful ly human 7mm T"* & ^ ° f 
strain of yeast cont immUn ° gl ° bulins • For example, a 

"electable marker such as HPRT ,„h » 
selectable marker such as L y S2 in , ft ' a YeaSt 

Chron.oson.al dna from the ! ^ " ° f the YAC - 

transform targeted strain is then used to 

13 an *&Z mutant), can subsequently be ad dBrt 

is then confirmed L th , • T ? " ° f th6 tW ° * ACs 

above. Thel^d ? ' * S d -«^ 

fusion .or put th™ IT USed di " Ct ^ 

(sporulationT u ' 1,16:10513 "* a — P^-genesis 

iLSl^Jn Standard Pr ° Ced — • *» -iotic 

containing the t" rr^^t & 
a^ve, the second VAC ' ; b^t TT 

containing a sTng Vra^^ " ^ ^ 
»y -tegrate alon ^h thT^ 7,^ 
substantial portion of E , T expected that a 

selectable mar. e *P ressin * the mammalian 

ectable marker present in one YAC (e.g. hat* clones 
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Wil1 haVe i«tegr.t.a both ^ ^ ^ are HPHT-) , 
-alysis and/or PCR ^ such as g 

-d Southern J ^ to ldentify such 

integration. ch aracter 1Z e the extent of yAc 

The entire t 0 w i~ 
- ■ - -c cl^i^ - * ™< -thin one 
«• »eo, HPRt, GPT , ^ al/ g rtc lth «ri»r such 

Iff light chain loci. Reco " ™* Same is true for th. 
loci by homologous 122^ ° f "n. 

In thls ffl ^r, the isolatio! , n Vedinyeast "- 

clone an intacf g^ ^ t"™*^ «. can 

a order to obtain a br oad *" * Slngle YA =- 

anti bodieS/ it is 3 b ^ -Pectru, of high affinity 

interspersed with . n aion r ^ 10n gene lilies are 

obtaining a su bs ., 2?. ***** ln hunans - Thus, 
human heavy and l ight chain 961168 ° f th * 

J - ("S8) Z:7 27 - 738; rather \ 9 h »Bo 
«»< V re g i 0ns , the transg enic h . ""^ 
b * capable of Anting 9 a st r ^ 1 ~ UBl ""- «- 

Provide high aff in ity «~ -Ponse and . 

relatively small DNA fragment- this roanne r, 

-Ployed. For ^ mpl ^Trt d 

^ locus is contai^/r^^^^ntorthe 
'»9»»t. which would I ? NOtI ~ NOtI ""Action 
^ions ( Ber ma n et al * PrOVld ' a va ^ty of v 

•l-o Provided by re^MnlSi" ^ersity is 

'^on. and sortie ™ the various D and , 

To render th 
^notional, h 0ffl olo g ous h ° r ec ?" Unoglobu "n loci non- 

— e is in i r :; u :;r ; na :r may be 

immunoglobulin heavy chain endogenous host 

^ *»• product a ; f a ;i light chain 

f endo g e "ous immunoglobulin. 
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will have to be multi nl * l3mbda 1oc1 ' the " 

iie "ci, by introduction of k 
locus into embryonic s*-™. , , aeiete the target 

all s ows ,n ;: r ;™. r st °^- 

ot the in.ctiv.t.d loca. „„ transmssio,. 
■ ,ro, the hete„J 0U5 ^ £ « 

the n^rCt'T"" 

• freest M ^ tedUCe " * P ™ VllU »» »' 1— 

locus is substituted for at least ^ 
immunoglobulin locus, without ' ^ ° f ^ h ° St 
host immunoglobulin ^^Z™? 10 * " 
is the use ot „• P'rticular interest 

.e - 1 t^ , r:\r~/rr ra - ti r" y 

transformations to two t-ra«=-P~ 
Alternatively ono » u transf ormations . 

ely ' one »iay choose to provide fn*- = 
as a separate step for each m "activation 
stem cells from off. ' empl °^9 embryonic 

from offspring which have previously h»h 
or more loci inactivated r n ^ h PrSV10USly had °™ 

transformation is used and „ I ^ 
into the host a.n ^ " inte ^ted 

host genome m random fashion, a total of . • k 
or more transformations may be reguired ^ 
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For inactivation ar ,v i ■ 
res Ulting in the ^ ln ex the ***** locus 

immunoglobulin subunit of +h * ex P res s lon of an 

Thus, the lesion may be in a • ^ ^ ^ ^P^^ 
e.g., a 5' or 3' e L nc * 10n C0 ^ is ^ enhancers, 

~^Z^T' ^ V ' J - C 
in the D region, or co»M «- °PP ort ™ity exists 

'•-tor is ^ ; °; b r rir s thereof • The 

inhibited, or a functional ae ^ rearran * en,eilt is 
immunoglobulin cannot be vZT^l e " C ° ding the e nodgenous 
of transcription, fa l ure of ^ ' ^ *" to f ^ 
« th. like. sucn \ " ° f Pr ° CeSS in * of the message , 
^letion in the target ^J** ^ «- **» of a 
*ene, . combination of 9 * 9 ' n f"«rtion of a foreign 
replacement using xenl n ^ "* deletion ' a 

introduction of a 1C or without 

Preferably when " 

the inm u„ ogl0 b UUn subr^^r;;^ i" inactivat ^ 

introduced into one or more of tie ^ WiU be 

immunoglobulin subunit locus for C ° ntained in the 

or J region of the locus "L ! SXamPle *" ^ C ° nStant 
construct which l acks function^ Pr ° dUCeS 3 tar * etin * 
*ay comprise the se^ ences " " th " region ™* 

downstream froin ^ to and stream and/or 
or part of the region ' * r6gi0n or comprises all 
the J or c eX ons ^ inSErti0n in 

of a functional m . ^ ) " > ° f 'oration 

of the exon seguence pref '* ^ ^ 

of the exon seguenl, H' '< lEaSt 9 0 % 

Desirably, a marker gene is " „ . 

construct to repl ace the delet h ^ tar * eti "9 

markers M y be en , plov J S ««- Various 

for positive sele ct 7o n *»« which allow 
use of G418 resi stance °' P " tL ^ Merest is the 

gene for neomycin p^T^ eXpressi °n of th. 

x J-n Phosphotransferase ("neo") . 
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provides for identify*- • 9 ne which 

xaentif ication of whether * 

crossover has occurred , np „ ^ . ether a ho ™logous double 
^ Purpose, the Herpes s w " ' tMs 

such as acyclovir 0 " 1 T °' ™.log. 

effects on cells that ^f^ 1 ™*' b * their cytotoxic 
n ceils that contain a functional HSV-f v 
10 et al., Nature ^348-352 (1 9 88 n ,T * 

sensitivity to th» ("88)). The absence 

absence ^ir^ 3031095 ^ 

where *«o^L^™ ^ 

crossover has * ls ~ r T * ^ 3 **** 

^r; h ™ i the marker gene in the — 

be necessary to Zt e r^ ^ ^ 
has occurred T m s T ! ^ h0n,0lo *°- integration 
^r the most ^V 3 ^; 3ChieVed in * «-»« of ways, 
hybridization an3lySiS by S ° Uth ~» *** 

of the integral ^T^T * 

- ^e seances at l^TZ^,^ ^ *»« 
region where homologous Ue^t rS91 ° nS fla, * ing th6 

ae_ e that « 

i nicruct and complementary to a c» 
outside the construct and ■ * «.„ «. sequence 
way, one can onlv Z ^ l0CUS - In thi * 

prLrsp resen l y t ° h m ° leCUleS haVing both 

present m the complementary strand* H= u , 
recombination has occurred bv dM . homologous 
size fragments . a J V dem0nstrat mg the expected 

occurr.„« of homo 1 " S ° Uthern ^ th * 

The taltT 9 ° US is supported. 

6 tar getmg construct may furi-ho,- • , 
replication system which ■ , fur ther include a 

For the most p art th ' UnCtl ° nal ln «».t cell. 

Part, these replication systems will involve 
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viral replication systems, such as Sim i 
Epstein-Barr virus n „, Slraian "xrus 40, 

the like, various trZ J^' «" 
be e,pl oyed 0^ Anitiati °" ^ste.s .ay 

to further Lane ^ ""T™ * 

0 Tnn . . expression of the marker a ene 

™:r; in : 9 : tin * — - - -jel 

P ar ticulariy E. 00^" T" SySt '* *-"«-. 

•».ly»i. such Tr^ c T' "° h 

case 01 the r. n i„ desired sequ.no,. i„ the 

usuu lay «JX r n; k ™ y ™* so tbp , 
"» **. . y~ st ."iSla" Z " t - ° re -« 

sequences, the constm^ ' ' P roc aryotic 

t-,et ceU, ' ^ * 

technique tor fcLT? " " C *"' *» lenient 
»ay t .^ i ; r e r ^7 °" ^° «. tercet ceU. 

-st y ^^jrzzrrr^- 

electroporation M i • fusion, lipof ection, 

- -ec P t Jc™tr„ PB ° SPh " e -"- di "- a 

•he/or n.g.tive lr* " S '' la " e ' 1 ^ « 
resistance ,„a .cvc! " P " vi °">* „, 0 „y cl „ 

analyzed by ,„ ' ilrM ^"-"n* ™y then be further 
southern J ly .T™ "„ ^ TT 0 "^' 

«~ ..h shc„ th. P r«.„ c « :r;. ^ 
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target locus, c„ 6canid 

recombination has occurred J ho ^°9ons 
target l ocus . to ^"ivate a copy of the 

The above descriK^ 

5 to inactivate a he Zl b iliT s may be perfo — 

-U whereby the M ste m 

blastocysts „ hich d "* "—injected i nto host 

chimeric anlmals are *+t . 3 Chimeric ani»al, The 



3 



^imeric anlmals are bred P to ln o t ° a -ni-i, The 

Then, by Ceding of the het ° het ^ygous hosts. 

«y be obtai ne r o 't;b 0 r 2 v yg0US h ° StS ' 3 ^^S^ 
"elated and transfer^ to l T ° ellS b * 

locus, and the process ren V lnactlvat * the second IgH 
have been inactiva ted ^ ^ ^ the desired loci 
locus raa y be the first tc ^T^^' the "Sht chain 
elimination of the ^ZT^**' 
immunoglobulin, it is desira y bl °, P - ° dUCe chain 
la»bda and the kappa x .^activate both the 

^ any stage , th. tL^^T ^ci. 

substituted with the ana1 9St locus »y be 

- xe nog en :r c e :: ;r n — iciocus - int - 

« the sa me region as be P^ced substantially 

any regulation ...ooi J£ ^^T^ h ° St ^cus, so that 
»i« be substantially the P ° Siti ° n ° f the ^ 

immunoglobulin i OCUs p 88106 for the xenogeneic 
variable region of the hu m T t^ 1 *' isolati ^ the 
and J seguences), or po " l0CUS '^i"* V ' 

h-an locus wi t h ~ £^ and f ianking the 

in the host locus, P re7 erablv / ^ ab ° Ut 5 * b P' 
host locus, one^T ser y t a he ie h aSt ^ » «* * 
this region in a recombW " fraginent int ° 

- human ^nog^™ ^ ' SUbStitUtl - 
-.ion of the host iramunogl JJ° r thS ' n *^»- variable 
-e may disrupt the abU^ ' ^ ^ ^ 
endogenous immunoglobulin , k ^ t0 Pr ° dUCe a " 
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^ h ° St e ^ncer and regulated by th 

system of the host. Y 6 ret ? u latory 

*>* competent to provide the n. ^ ^ h ° St 

factors involved with 1 neCSSSa ^ enz ^s and other 
lacking COm p IZnt Z Pr ° dUCti0n ° f while 
heavy and li^t .uC^T" ^ ^ eXPreMion ° f 
-y.es ^*^^ M " Un °» 1 «*-»»- — those 
rearrangement, Jic^ ^ ^ lin « 

will be functional " I' , roUtati ° n ' a " d the 

a functional nat U r a ^ !t ' " ^ * ^ iS 
associated with th C ° mPriSlng the variou. exons 
immunoglobulin. Production of endogenous 

absence of light or ho P rote m S in the substantial 

^3^10^3 inte 7, end ° 9enOUS in ™^°^- By 

appropriate breedina *x ^activated by 

or animals derived from ch 

a host which ■ n1 '" 1 '' 

oogenous i TO oglo bu ZZT"^ ^ 

-ogeneic i^l^ L^^^ to — 

Portion f the repertoire of the ' ™^ , 

of th ; r ;r; g r ctivation ° f the ^ - 

host ig loci (heavy/ ^ iambda) ^ ^ 
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host then contains PCT/US^ 
^ and/or lairfbda loci would ""all ^ ^ ^ 
of Purely human antibody nT ' " the Action 

5 <* host or host/human I h :ir~ Ut ^-ctlon 

5 -train,- by ionization with7 De ! ^ 8UCh * h ° St 

respond by the production ^ anti gens , would 

, specific human antibod ^° n £ B-c.li. producing 

with murine myeloma ca ' ™ lch B " e «"» could be fused 
-ner f or the ^ ° ^Z^T" ^ 

3 monoclonal antibodies M *f „ „ Production of hum an 

obtaining continuous stab! ^ ^ the ^ ' 

antibodies. Stable Paction of monoclonal 

p-ides t h e o PP o:::;i t ; o t : pi D ete . 

to a portion of the "^ns jo i„ed 

or C H4 , or cognation thereof ^ ^ ^ Cb ' 

of the exons of the Ch and *' ^natively, one or more 

or joined to a sequence enc J, • r6gi ° nS " ay be "P^ced 
. " an enzyme, e g Dla 9 ' Pr ° tei *' -oh 

dismutase, etc.; toxin e rr 

activator, superoxide 
toxin, etc.; growth f ' J 9 *' riCin ' abrin - diphtheria 
—ptor l igand , or ^uT^T* 9 ^ e - g " »" 
89/07142; WO 89/09344- anH ' f ° r exa *Ple, WO 

—in of interest 4 ^ W :rst a nt ^ 
Providing for sp i icing ° ° nStant exon and 

modified constant rJL . region to the 

Protein may nave a diff erent Tl ^ r6SUltina Ending 
immunoglobulin. B y providi KmiMl region from the 
the inserted gene , th . f ° r a sto P sequence with 

inserted protein as the " t " m h ^ the 

the constant region may *< -sired, 

other protein, by prov ldlng fo ""i - b -itut e d by the 
appropriate sp i icesi 9 / 0ra construct with the 

to the other protein. *** V3riable region 

The B-cells f 
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TZtll T- T"" ayel ° id Cel1 t0 Pr ° dUce hybrido™. or 
immortalized by ether conventional process, e.g 

transaction with oncogenes. These totalized cells may 

then be grown in continuous culture or introduced into 

the peritoneum of a compatible host for production of 

ascites. 

The subject invention provides for the production 
of polyclonal human anti-serum or human monoclonal 
anybodies or antibody analogs. Where the mammalian host 
has been immunized with an immunogen, the resulting human 
antibodies may be isolated from other proteins by using 
an affinity column, having an Fc binding moiety, such as 
protein A, or the like. 

The invention includes the following embodiments of 
W non-human hosts (see also Figure 18) : 

I. Animals heterozygous for an inactive endogenous 
light chain immunoglobulin gene (homozygous animals are 
obtained by interbreeding); 

II. An i"»als heterozygous for an inactive endogenous 
heavy chain immunoglobulin gene (homozygous animals are 
obtained by interbreeding); 

III . Animals homozygous for functional endogenous 
light and heavy chain immunoglobulin genes and hemizygous 

25 huL t' C ° ntaining ° ne C0 P V of) foreign, preferably 

human heavy chain immunoglobulin genes (homozygous 
animals are obtained by interbreeding) ; 
, ■ ^ 1V \ AninalS honloz ygous for functional endogenous 
light and heavy chain immunoglobulin genes and hemizygous 
for foreign, preferably human, light chain immunoglobulin 
genes (homozygous animals are obtained by interbreeding) - 
V. Animals heterozygous for inactive endogenous 
heavy and light chain immunoglobulin genes obtained by 
crossbreeding animals of category I with animals from 
category „ ( hoinozvgous animals ^ ^ 
■*-> interbreeding) ; 
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' with , nl „, ls fr J e.™^ 1 " »' cat.*^ IIr 

« - p,«.^ ™z terr ™ 

genes obtained by croMh™ ^ • immunoglobulin 
-ith annals f^o. c.^;^. " Bj " a1 ' ° f cat ^ XV 
inactive endogenous lol^l h ' h ° m02y9 ° US the 

- eign , ene are Qbt z:T™:z:T ygons for the 

genes and hemi 2ygous for * . llght chain immunoglobulin 
- >-y ^ 1 ^^~^*^.li*t 
crossbreeding anilBals of ° g6neS ' obta i"«i by 

ho 1 no 2 yg OUS J r the act L C r y VI ™ ^ ni -ls 

he^izygous for ^ 7^. loci and h on ,o- or 

interbreeding); ° reig " 96ne are obtained by 

o, -2^^^^' ^ gous animals 

«• .J. ^ ~ — n antibodies, 

^avy and light chain ij^^^*^ ^-ous 

foreign, preferably human i ? 
immunoglobulin genes 0 L ^ U ^ ht chain 

by interbreeding) ; ammals are obtained 

X. Animals heterozygous fnr .„ • 
J«vy Chai n i^oglobuli 

forezgn, preferably nuraan ? h he "^ygous f or 

immunoglobulin gen es obt a / ^ ^ Ught chai " 

of category „ and „ ' fa " m by ^ossbreeding ani mals 

endogenous l oci .V, *°»°^- the inactive 

- - obtained y ^ <~ fore ign 

y J-ncerbreeding) . 
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XI. Animals heterozygous for an inactive endogenous 
light chain immunoglobulin gene and hemizygous for 
foreign, .preferably human, heavy and light chain 
immunoglobulin genes, obtained by crossbreeding animals 
of category I and IX (animals homozygous for the inactive 
endogenous loci and homo- or hemizygous for the foreign 
gene are obtained by interbreeding) . 

The invention also provides a method for introducing 
large continuous, xenogeneic DNA sequences into a non- 
human, e.g. mammalian,. host. Usually, the sequences will 
be at least 100 kb, more usually at least about 200 kb, 
generally ranging from about 200 to 1000 kb. Thus, one 
may wish to transfer a locus of interest, such as the 
immunoglobulin locus, T-cell receptor locus, major 
histocompatibility locus; regions' of an xenogeneic 
chromosome, which may include one or more genes of 
interest, which may or may not have been characterized, 
such as the Low Density Lipoprotein (LDL) receptor, 
Apolipoprotein (Apo) B, Apo E, cystic fibrosis 
transmembrane conductor regulator, dystrophin, or regions 
of xenogeneic chromosomes that may be involved in partial 
chromosome trisomy (e.g. chromosomes 21, 7 and 10) ; and 
viruses. The DNA may comprise wild type or defective 
genes for studying a variety of diseases by creating 
dominant mutations or complementing recessive mutations, 
for example the LDL receptor and Apo B genes can be 
introduced for the study of hypercholesterolemia, 
hyperlipoproteinemia and atherosclerosis. Factor Vlii or 
IX can be ' introduced for hemophilia, cystic fibrosis 
transmembrane conductance regulator can be introduced for 
cystic fibrosis and the dystrophin gene for muscular 
dystrophy. The xenogeneic DNA to be introduced using 

a VAC is from a mammalian source, particularly primates, 
more particularly human, other vertebrates or 
invertebrates and the like. One can thus impart numerous 
novel capabilities to the host, create genetic responses 
related to the xenogeneic source of the DNA, provide for 
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the production of antibodies, provide for specific 
co mbln a tl ons of transcription factors, provide f r 
metabolic system, introduce dominant mutations 

complement recessive stations. The xenogeneic DNA may 
be modified when present in a Y AC . Because homologous 

recombination is efficient in • • 

of erricient m yeast, g i Vlng a high ratio 

of site-specif ic integration of homologous DNA, where the 

homologous DNA flanks other DNA of interest, one is able 

to modify the xenogeneic DNA before introduction into an 

into^n' „ Ir \ th i S introduce defective genes 

«to the host which express defective proteins to mimic 
diseased states of the xenogeneic host, to study various 
mechanic of the interaction of defective proteins with 
othe r xenogeneic proteins or endogenous proteins, or to 
study genes or gene systems. 

in general, to transfer large DNA segments, as 
described in detail herein, VACs are employed wMch 

telomeres bounding the DNA of interest. various 
centromeres or telomeres may be used, particularly the 
centromeres from yeast chromosomes 4 and 5. The VAC has 
a marker which allows for selection or screening of cells 

itw T yAC beooines inte?rated - Not •» — 

allow for efficient selection. Particularly, the HPKT 
gene, more particularly human HPRT, is found to permit 
efficient selection of HP RT -def icient ES cells carrying 

n^lud'h 0th6r kn ° Wn S6leCtable ~ — We 
include hygromycin, neomycin, 0-gal, and GPT. The ES cell 

d6riVed fr °* W "—human host, from which ES 
cells are available, and can be expanded in culture, which 
remain viable and functional, for which a marker for 
selection exists, and where the ES cell can be introduced 
into an embryo and can repopulate the host, including the 

TsZTi , ^ thiS C **^y been 

stablished with rodents, e.g. mice and rats, and to a 

lesser extent with guinea pigs . Mice ha ve been used for 

the production of antibodies or B-lymphocytes for 
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immortalization for the production of antibodies. Because 
mice are easy to handle, can be produced in large 
quantities, and are known to have an extensive immune 
repertoire, mice will usually be the animal of choice 
As other species of ES cells become available, these may 
also be employed in accordance with the subject invention 
Of particular interest will be small laboratory animals 
or domestic animals particularly rodents, including mice,' 
rats, rabbits, cows, pigs, hamsters, horses, dogs, sheep 
and guinea pigs, or birds such as chickens, turkeys, etc 
The ES cells may have one or more mutations, for example 
lacking a particular activity, of particular interest 
in this invention are ES cells that are deficient in HPRT 
in addition, fertilized eggs of certain species may find 
use in accordance with the invention. 

The YAC may be obtained by screening existing human 
VAC libraries such as those available from the Centre 
d'Etude du Polymorphisme Human (c.E.P.H. ), Paris, France 
and Washington University, st. Louis, MO, using standard 
procedures. Alternatively, the YAC is readily prepared 
as described in detail herein, by joining the yeast 
flanking segments comprising one arm with a centromere 
and telomere and another with a telomere together with 
the DNA of interest. Usually there will also be one or 
more markers present that allow for selection in the yeast 
host cells. For yeast selection, of particular interest 
are markers which complement mutations of the yeast host 
such as genes involved in the production of amino acids' 
purines or pyrimidines, URA3, topi, LYS2, ADE2 on the YAC 
to complement ura3, trpl, i ys2 and Ade2 mutations in the 
host. By providing for complementation, for the most part 
only yeast cells carrying the entire YAC will be able to 
survive in a selective medium. In addition to genetic 
verification that both YAC arms have been retained it 
is desirable to confirm the integrity of the' YAC using 
a method such as pulsed-field gel electrophoresis. 
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. z~ h :z%T"T th - mc - — - — 

treated o rr . . ^j-j-s are protease- 

»i»„tj. L c ; u r °nr a9mt suoh •• pk ** ~ 
- ----- ™:r; e ;r~i 4 ™ 

colonies „. „Z ^ divine, fusio „ 

ei.ct„ P1 ,or.si S . „ r t; th ; "I " PBlMd -»'" «1 

<pct?i Polymerase chain reaction 

(PCS), employing appropriate primers at i.„ 

which i S c 0nP i eDientary to the j ™i2: „ one of 

repetitive sequences present TthT 

as Alu, for detection^n Xen °* ene ^ DNA, such 

rDNA d .lt- 6Ctl0n ° f huma " DNA sequences. Ty, y, 
rDNA, delta sequences are used to probe for + 
sequences. Probes for yAC Pr ° be for ^ Y—t 

integrity of the y AC th USed t0 COnfi ™ 

tne iAC. Those cell's ^ 

intact or substani-i-ii • demonstrate the 

««»... only , „„ tio „ " the •<^»- m 

tr,», g I ." n I/ro' e r d e " bMi ""' Production o t 
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embryonic stein (ES) Cell or 

marker, under conditions all „ • selectable 

then selected by me.ns 1 ^° the genome are 

- the ES Jn ° p ftte «^«, which is functional 

phosphoribosyl transferal IT*' *** 

in hprt def icij ( j^sZir be used as a 

animals from embryonic stem cels afte t ' " Pr0dUCi " g 
the cells may be plated " trans formation, 

os Plated onto a feeder i=„ 
appropriate malim, e f f6eder la ^r ln an 

The ES cell aay ^iave bovine. serum enhanced DMEM. 
(heterozygous) or »«„ k 3 Slngle targeted locus 

»»«^^tL^^r^^ by the process * f 

The process of ho^t za tion " (h "™ • 

uses selective pressure to (f0r,nati ° n of homozygotes, 

the gene target"/ "'t ^ ^ ^ CSUS " hich hav * 

--^^^^"J^ 1 Chr0m ° SOmeS - C611S 
employing a selective I , be dete =ted by 

*« colonies to ^ "* ' «- 

'or the occurence ^ ^ and analyzed 

recombination. As d„, -u ntegratlon °r homologous 

as described previouciv *k „ 
used, with primers with4 previous ly, the pgr may be 

»bryos, ty ^crolnj.ctfoT "^uew i„to 

•ppropri.,. „ ost . ^ t ^Z,.™ "*"'' M ° 

«t.i„ M ,„„ t.„ai. , ' , ' "° rine b ""°=>*' »«y ■» 

1(1 re ™aie animals bv f inching 
days after ovulation The ^" UShlng the uterus 3.5 
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injection, at least i 

blastocysts are returned to" ^ ^ ^ 10 ° f the 
Pregnant females. The Uterine horn °f pseudo- 

'-ulting chi, ric ani.aL "° ^ " nd ^ 

P-sence of the VAC in th * *~ the 

- -ant an ^ S °" atic By ..chimeric" 

than one source" T e M " »«. 

-ample, in'th: ^t^T an ° ther anil " al - 
animal contains . ^J^'^^ a chi »-ic murine 
Particularly . hu J n fc ; e Ca ^ «*»«r- edification, 
cells that devexop rrortte' , ^ °' ° &lls ' e ^ 
^e presence of the Inl 0 ! " "" bry0nle ^ ce ^- 

are generated is \Ve n ! " " ^ ^ h ° StS 
evaluated for germline «. ^ chimeri <= hosts are 

* -ti„ g , £0 r T X ZlTT SSi ° n ° f ES Cel1 ~ 
C 5 7B L/6J mice. Ch T; e P r ^ ° h h 7 ri0 «. mated with 

chimeric hosts, eiC sy U° ^ ^ With ™»" 

-r chimeras ttat ^ :™^ neic , to screen 

Offspring that are h ^ YA ° " their ^ cells. 

modification are then il "^ 90113 *" ^ net ic 
are homozygous f or ^ ^ P" 9 eny that 

the functioning y AC construct to th ^ 

The method of th* tteir pro * e "y- 

-ogeneic DNA J^ZT a ~*°» « -rge 
particularly a rodent » - "on-human host, 

Provides for st ah1 ^::. a . USUa:Lly a ""^ine 

animal, 

inserted DNA are tonnTr'T^ °' ^ Genes ^ the 
^imeric hosts a T ^ ^ 
transmission of the in^ Pr ° Vide f ° r S^mline 

the chimeric host raT'^ ^ <* 
Produced and are maied lo hosts are ■ 

Paction of products, l^VlT^ ' 
sample immunoglobulin for ^ protei »s< for 

gene therapy for Z' SCreS ™* <* various drugs, 

oenetic di sor d er ' s to ^ COraPlement - 

to study variQus ^ 
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fragments. gUl3tl ° n of Poorly wapped large ^ 

5 «y way of limitation. 



way of 



EXP ERIMENTS t. 



^^DSfe^icj^^ 

A 6.4 kb ^^^—-f 1 ^^ 
obaln J genes and tiJ^T' C ° ntainin * the mouse heavy 

***** in sak j o e n using the 

This fragment (aDJ , isl^"/" ^ ' ** 3iUEe - 120:562-565. 
Plas fflid (pmDJ) . A 2 g lnSerte <* «to E co RI - digested puclg 

9enes, is deleted " ft " B ~ Bt ' containing the 4 , 

a --ycin- res i stance bP J n h e 0l ; BamHI fra ^t, containing 
v-us thymidine ^ ~ d "-n by the Herpes J 

Po^a enhanoer ^ n p^ote, and a 

18 added °"to this fragment to ' " Sy " thetic ad *Ptor 

* seal end and the ^It! na % ' ^ BamHI 6nd int ° 
*hoI- S cal paDJJ to ^ fra ^t is joined to the 

(pmD*r. NeoJ in which » ^ e inactivation vector 

neomycin and the heavy chain ° rientati °n of the 

is linearis Tt"" " id6ntiCal - Th " 
tran S f ec ti on to Es cells V " deI "s«tion before 

homologous reco fflbinatio / ThS se <^nces driving ^ 
fragments, located 5 . and \ 3 kb «d 0.5 kb 

respectively. to the neomycin gene, 

'tos, iiirj^.j,,. 4 ™ 2 " < H °°P« 111!. („„,_ 
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as „«. •„ PCT/US93/06H6 
"d-erxbed (Doetsch^an et al . (1985) T p 

P-Pare d f rom embryos f t ^' C57 '^ e «**bl..t. are 

14 to 17 days earl . er «™/6 f«al.. -that are mated 

neomycin transgene (Gossler *+ & , hOIn02 ^ ous a 

• These cells are ^ ' ™» ^ :9065 " 

containin gG 418. El ect ron T ° f grOWth in ^ 

* ^ oggs ^ ai. a 98 t T " conditions are 

cell, -r.!^"^ 

Presence of the tarcJ " electroporated in the 

A voltage of 300 v wTth a " ^ ^ thS 

«- zoo ^ -ro^^ -0 ^;^ ^ " 5 " ^ 

Plated onto m it 0mycin _ treated " ° Ctr °P°«ted cells are 
in . the pr es e nce 0 f o lbroblas ^ - "0 „ dishes 

(DMEM) supp leffiented - ^d Eag i e , s media 

0-1 « 2-ercaptoethanoi. The L^a ^ ^ 
after electroporation with „ " replaced " hrs 

6418. " Wlth ms * La staining 200 „ g/na 

• electro'porattT'aL oVr? 1 "? "~ 14 afte ' 
P^te, for a nai y r s e is P :rg ^ 
colony is saved in 24-weii B ^!' PiC * ed 

■ ^itomycin-treated f eed J * ' ^ alreadV see ^ d with 
combined i„ pools of Cell »" The other halves, 

tubes containing approxW T tranSferred to Eppendorf 
tor homologous 1^*%°^ ~ 
reactions are essential, „ \f Editions for pcr 

'"88, , Nucleic Ac ? ds ribSd fK1 " and S » ith "* 

dieting, the ES ce ^ J"' ^"87-8893,. After 

»«J are ly sed by the a *" "suspended in 5 ^ of pBs 

DNAses are inact "at * h ? " ^ ° f ^° t0 ^ tuba. 

10 »in. Afte/tre ' " eaCh tUbe at for 

tLer treatment with ■ 
2 ° »in, 30 of each P rot ^nase K at 55°C for 

containing 20 Mi " to a tube 

a reaction mlxture including pcR 



PCT/US93/06926 

buffer: 1.5 M of each primer an » 

melt at 92°C anri a m • 5 Sec °nds 

c and a 10 mm annealing and extend™ <- • 
at 65«c, The +„ n . . y extension time 

me two priming oligonuclent 
TGGCGGACCGCTATCCCCCAGGAC and TAGCCTGG L^^" 
correspond respectively to a ^ ■ '-■TCCTTAC, which 

start codon of the Zl W " 65 ° baSSS 3 ' ° f the 

in the -use hea ; ri: 1 " 96 " 6 ~ S —ted 

insertion si te . T * ?' ^ 3 ' ° f the 

e-ctrophoresedona^orj jrtr^r 10 " ^ 
-cranes (Zeta Bind) Filt L t0 ^ lo » 

i=K» ln ^ Filters are probed with a *p- 

labelled fragment of the 991 bD xhaT / 
region P 31 fra 9*> e nt of the j-c 



in E5 ppii e 

«- — 

s eguen ces, cloned ZTl\ "r n 96neS flanking 

library, and inserted into p^rLT 6 'T° WM±C 
Xhol and NaeI to delete " lb / ^ 
contain, the four , 'J* fT* 

1.1 «, Xhox-Ba^ fragment, blunted at the Ba^ T* 
containing a neomycin resistance gene driven by t^ H 
s-plex virus thymine Kinase gene ( H sv-t k ) ^ \ *** 
Polyoma enhancer was isolated 'fro, ^ 1 «* 
capecchi (1987) , ^ li< 503 . 5i P ^ f ll ° * 
-serted into the XhoI- NaeI deleted p JH t T 
deletion vector (pmH , J( see P1 ^ 2B f " . t0 ' 0r » the 

transcriptional orientation 0 /,T the 
chain genes is the , ne ° myCin and the heav ^ 

-el digest f I% r ^; - — i-d by 

Iore t^ansfection to ES cells T h a 
seguences drivina *-h« k * USt The 

riving the homologous recombination event are 
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about 2.8 kb and about l i kh 4. 

3 , . Ut 1 " 1 kb ^agments, located 5' and 

to the neomycin gene, respectively. 

The ES cell line E14TG2a f Roller and Smithies (1989) 

f t D ;' **««-«3S) was cultured on .ito^T ! 
rea ed e^ryonic fi broblast feeder layers ^ 

ScelT Smlthi6S (1989) ' ^ USA ' **B932-8935). 

ESc lis W ere trypsinised, resuspended .„ HBS ^ 

21 m ZrT NdC1 ' 5 KC1 ' 2 1011 CaC1 - °' 7 " Na ^< 

lecTr / H ^ 9 C ° ncent -^- 0^ 2X10V-1 an 

lectroporated in the presence Q{ 5Q 

linearized inactivation vector pi «. 

cal . Ho , vector. Electroporation was 

carded out with a BioKad c ene Pu i ser using 24Q ^ an<j 

500 „ P capacitance. 5xl0 > electroporated cells were plated 

' tL Je y ° ln C ' treat6d fibroblas ^ ^ 100 » dishes in 
the pr es of Dulbecco/s a<KUflaa £agie/s 

suppi emented with 15% fetal bov . ne serum ( ) 

.ercaptoethanol. The raedia was replaced 24 * 2 
electroporation with me dia containing 2 oo W/ J G418 

rrrr : s coionies resuiti - — ^ «-« 

days after electroporation were picked with drawn out 

-nsf erred Jan in^l ~ J^^T 
already seeded with m ito ra ycin C-treated feeder ceUs 
The other halves, coined in pools of f our , were 
tra nsf d tQ Eppendorf tub£s cQntaini Q3 . ere 

and ceil i ysates were prepared ^ 

deserved b y Joyner ^ ^ (198 338:153-155" 

The pck reaction included 5-20 ,1 of the c ~ lysat " 

m of each primer, 1.5 u of T=,rr ^1 

' u of Ta 1 polymerase and 200 M of 

. tL»,r" 7 a " pii "=" i °» « .you. l; ■ 

at 94 C, 2 mm. annealing at 55°c and 7 »<„ 
" 72 »c. The two • extension 
e two Priming oligonucleotides are 
ACCG TATC GCCGCTCCCGA T and AGTCACTGTAAAGACTTCGGGTA , wh i ch 
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rise to an about x f h0mOl ° 9 ° US -combination gives 

— is s ^ 0P z::7:i: z: 1 of the 

"ith ethidium bromide and 9£lS ' Stained 

^ene Screen) . Filters t0 Cranes 

Scoai-PstI about 1 Pr ° bed With * "'-labelled 

heavy chain, 3- 0 f' th7 ' in the 

For further ^ insertion site (see Pi gure 2) . 

cells, digested "Ith res r iC . DNA ^ fr ° m E * 

by the manufacturers reco ~ded 
• ^arcse gels. Z ^ ^ m °» » 

(Oene Screen) and probed ^llX^T^ 
described above. labelled fragment as 

colonies de'tecte^ oT^"'' ** aDalyeis of the pooled 
— . (about i ^ VS « - «- emoted 

resistant colonies ' °' 34 P° o1 - representing 136 G418 . 
contributed to 'tJT lndividual colonies that had 

individually by PCR a,,/ 08 ""* P °° Z WSre analyzed 
identified! SimiL ana! POSitiVe Cl ° ne < ««3D5. was 
colonies obtained ^n 2 °' M ° G418 -^-ant 

-i tional positive clones (^ 

copy " r'/^tT tar36ted - «. 

Present i n two ' (th ' 3Sne is autosomal and thus 

expanded and genomic ^ wL T ^ ~« 

Hindlli or with Saci Z f pre P ared ' digested with 

^ described u S ing\\Vr o ~ro b b; SOUthSrn ^ 
The replacement of the t «„„ w ' . 
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probe, which is about l q m , 

«=L i Lam « " T ysi ' ° f -* M «- • fiti- 

».»») «.n t : , ; ™: r t ;r y ' - 

m untreated cells, hi,- - * P reser >t 

the size predicted for an holT Bb ° Ut *' 2 

Present only in the p > * re ° 0n,binati - -ent, 

r eP ia Cemen t y of : h h : r ge rr t ; e iones - sironari - «- 

homologous rec 01nbinati r n n :; e ^ ^ * " 

Sacl site an r? *u results in a loss of one 

Figure 2C ). south., "* tlve locus 

* a . t . ctM ta m « e :;;rr':rr t c r nsi2 ' 

intensity i n the r ^ ceils ' out of decreased 

targeted homologous reco^LT f ° r * 

the identified clones TlT T ^ ln 

blots with a probe ^l' th o£ the Southern 

^ 4. 2 * b a P n r d ° b 7^7-^" ^-showed that only 

Hindixx and the sacl diges^oT" 5 ' """^ ^ 
to the probe as d Jh ! res P<~tively, hybridieed 

• as predicted by the targeting eVent . 

Iilree and a half day old r „ BT/i:T 
Laboratories u v C57BL/6J (Jackson 

Pra). ES cells Wre trypsini 2e d, 
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1 * loVml in DMEM .edium ^tat *' ^ *° about 

20 mM HEPES, p H 7 s "* b ° Vlae "™» 

int0 ^ blastocoel ' 0 f LT " ^ * Sre ^cted 
containing hl astocysts e * Ch blastocyst. Es . cell 

to one uterine horn of C57BL/.T v transferred 
* Pseudopre^nant females X ^ ° r C57B V 6J X CBA 

The contribution of Es ro , , 
-^ged visually by exajnina ^ £ to the offspring was 

WP '- C57B V 5J mice are 8 "" °* the =o.t color of the 
-11 parent line a^;* 1 * Wack *» color. The Es 
-»ryos, which carry ^ "dated fro, 129/01a 
^ aliel. at the agouti lo 2 IT ^ ^ 
dllUtS at the p locus a ' nd " SCeSSiVe 

c locu.. chimeric of fspr ; na reCeSSiVe at the 

Participate in the toa J^ the » cells 

containing agouti and crej [ ^irs ^ **** ^ 

Gennline transmission abiHi-' . 
-as evaluated by mating ^^'"7 f the chimeric mice 
'« 1 offspring with ^ * — and scoring 

-aid be expected T^^L ^ ° f 
allele, which can be identx^L " * " Utated heav * chain 
« isolated from tails ^ * 80Utbe » **>t anal ysis 

^ J H-targeted ES cell n 
targeted heavy chain ^ »65-i. carrying one 

-ouse blastocysts. ^ 45 ' infc o C57BL/6J . 

chimeras. ^ ^ the surviving pups were 

«toag with C57B V6J males * "* 244 ' 3 ' "Pon 

« ^ frequency of 100% f ed ^ermline trans mission 
Percent of agouti off sprinq " de tennined by the 

f-m hetero zygous 0^^™ bl0t a-lysis of 
<* the targ eted heavy the presence 

Allele in 2 out of ^ to one native 

Mice ho m o 2ygous C h 98ny tSSted - 
intercrossing ma le and f ^ Nation were obtained by 

• 0i f s Pring 0 f these 
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,atin gs analyzed f Qr the presence ^ 

heavy chaxn alleles by southern blot analysis. 

. E. Ana]ysis of p c S lls_tro^cMmric_Mce 

If deletion of the J H region is sufficient to 
activate the heavy chain locus , then ifc 

;? le t t ; bte ° f -velopment of X gM - expressing 

at the TV " Pr0dUCti ° n - Mi<=e WhiCh a " ^teL 2ygous 
at the j H locus carry one , ntact func H 

BS cell n 7 Chain 911616 WhiCh iS derived <*» the 
« ceils (129/0 la strain) . Tne 12g and Be 

a HoI'T all0tyPeS ' ES " deriVed * W 

7 * dist -^ishea fro, Be-derived B cells 

anti bodl } " &110t ^^ monoclonal 

Z^X'™ 1 " 9 fl ° w ~- - — y 

F i g ure h 3 e fA T if p iCity ° f th6Se antib ° dieS is i" 

with antibodies to the x gM B22 °' ™* 

C57BL/6J ™,>„ 4- ■ 9 allotype. B cells from 

II T d With antibod ^ directed against 

^ cells : T ^ ^ ^ ^ all °^ e 
IZnst the V X M. fr0n 129/013 miCe St3ined With *^°*y 

intLt ES d ^ ter ° ZygOUS C/b Fl) nice carrying one 

057^/6, I ? hSaVy Ch3in all6le and one -tact 
C57 BL/6J _ derived heavy cha . n aiieie ^ ^ 

present m equal amounts ( Figure 3C) 

the jTl ! CSllS ^ miCe Whi<=h — »«*.«, zygou. for 

chain^n t 10 " W6re analy26d ' «™ ^ ^letld heavy 

cells I 6 ^ 129/013 Pa ~ nt ' — no 

cells posxtwe for the l gM - allotype . An B 

**# po«txv., froin the intact C5?BL/6j * 
F.gure 3D) . These results indicated that the 
eavy chain locus is inactivated and cannot encode 

functional l g M antibody. 



37 



3 94/02602 

PCT/US93/06926 

Mice which were homozygous for «•„ T 
also anal yzed for the b T deletion were 

antibodies. Peripheral mJh ^ Pr ° dUC6 funct ional 
-tant .ice vere ™* ^ ^ocyt.. f rora homozygous 

antibodies to the B cell " ^""t^ Usi *9 

the allotype .p.c lflc JL'^^ ^ » ith 

to the control . lea fFia ' FlgUre 4) ' In c °ntrast 

Educing cells Z^T ^ ' "° C6llS ' °* ^ 

(Figure 4A-C) . iT 1 , ^ ±B »ic. 

detectable l gM in the „ ' the mutant ^ had no 

the deletion of th T"' that 
alleles leads to compL "J^" ^ ^ ^ cha - 

ana ly2ed by general, ^ " alSO 

"ice which contain a Pr ° dUCe ch ^ri c 

homozygous for the m utatfoT lati ° n °' ° ellS 

-.JST 0f J ~ ES — ~ ~d by 
»«0- lf to elevated le ; e ? s " 2 f! 4 U : ES ^-s, 

meeting for homog enot lation of t he ^ thU * 

Seven of the survi vina co i targeted allele. 

Wot analysis J^^T" ^ Sout ^- 

wil d -t yP e heavy ^ fi ^ ^ ^ ^ « ^ 
targeted allele, one of A aCgU1Sltion of a second 

to have lost the native h ^ Cl ° nes ' ESDK207 was shown 
^ the inability of 1 ^ ^ all8le ' as evidenced 
*b fragment and by the lnc! ^ ^ 

targeted fragment. ^oT* ° f — Xb 

indicated that, i ike J^ 1 *"" of ESDK2 07 

of the cells ^d 40 ch ^ ES11 °-^ ^out 80, 

targeted alleles were pr e r rr meS ' that two 

cells were microinjected iT ^ h ° m ° Z ™ 0Us »«tant ES 
chWlc .ice were ge^atet «d 
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,!„/„, , H-phocyt.s £ro » th. ES c.u li„« 

d.scr" " thSlr ^ - I~.i~.iy 

amZ' r^"'" a "" y " a h * a b * =n '*» "i^-typ. 

fcl4TG2a ES cells rwrn ~ * ^ 
hetero Zygous (Klio^ " f ^ ^ 

at the tar-™- * -T ' ° r h ° moZ y^ (ESDK207) 

cel^ we r st : regi ° n ' P6riPhEral bl ° 0d ^olJr 
cells were staxned with antibodies to the B cell specific 

***** ,220, and with antibodies to either Ly- " 

: a!:r^ then anaiyzed by fc ~ — 

° evalu ate chiaerism in the T cpii i ^ 

the parental aouse strain. " ainin 5 <* cells from 
— t y „ „^ ™~ <~ - 

^-t,,^^^"^ ; f s *T as r aratea tco '" ain51 ' 

I„ clV \ ~"-a«iv.d I, h..vy chain lo c us . 

in contrast to thp wt =>r,^ • 

-ce generated fro, the h " CMmeraS ' 

■j . , tr ° m thG homozygous mutant ESDK207 cell 

lme lacked Ly-9 i + /rpoa+ t + ^^u/ cell 

y.i /B220 + or IgM a+ /B220+l B cell * i„ 
peripheral blood Th* ~k . n 

B call* observed lack of ESDK207-derived 

B cells was not due to * lar-v ; , , a 

derived Ly-9.l V B 22 0 cei lymPh ° P ° ieSis ' ES- 

V /B220 cells represented 12% of the total 
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ot perip heral M „ PCr/U S 93 /06926 
aPPro Ximately half ^ ~«~r "U, 0f these( 
of the Jh region froffl ^ en.. ThuS( deletion 
-tura IgM- p roducing B h 1- blocc. development «* 
»«■ oniric spleen c £ ls SlMl « oo-«vatio„. were 
Chimeras were also t fr ' 
a-ived from the £s c ; d 'or th. presencfi of serujn 

^eras frora wil d - t £s 1S ; ^vels were hi gh in 

t- g eted , utatio ^ J> J S and cells wlth a single 

^om the ESDK207 cell ^ ^tectable in mice der . Ved 

the blastocyst host , W ^' T " ^ 

However, 1*207^ J ^ ^ B cells. 

ES ceils. The bone J/ 220 1 + derived fro* 

-tain a. -u^^ ^ ~ «-~o« l i)cely to 
Precursors, whoseaa ° f Es «H-derived b cell 

'—ion of the Jh - ^ the ho^^ 

The bone marrow cells ^ 
«*or flow cytometry, u.^"?^ ' BalyMd wit h three- 

o' BS- derived * JerJ l * SUltSShOW the -iority 

=onsi steflt with an early I!' 43 P ° Sitive ' ■ is 

the cells were also " -Oration. Many of 

that d eleti ng the P " C — - These data show 

the heavy chain locui to rear r " ^^y of 

I-Oc o f IgH rearra^r ^ fUBCt ^-l 
cell maturation, restr" ' ln a bl °<* of B 

— y Stage of devest 9 " ^ to a 
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777 y - JL - JJJ ^^ 

^ vector, whic t ^ • "^cement 

-gion of the * appa locus a n d i ^ ^ C ° nStant 

drug resists marker "? rSPlaCe ifc *th the G4 i 8 

Ho ra ol ogous r e =on*in a t ion h0B, ° l0g0US "-Nation. 

a genomic i ibrary ' """" (see ri ^e 5) . 
C—tagene) clo^^L^ *-l ^ DNA 

the presence of the mo ; s t e ° c la ; e b n da ^ — screened for 

^search a, l«.3-i 70 «, (1980) NUCleic Acids 

^icn. • A lambda ^^T^ ^" ^ °^ t « t 

probe was identified IVn ^ to this 

fragment. This f J to .5.. kb sphl/BamHi 

region. It was tnen le » * nt and the kappa constant 

and BamHI sites of the PlasM in SUbcl °ned into the s P hi 
P^2 18/5 . 6kappa . PlaSaid to give the P l asmid 

conta^ ".r^r ^ ^or, fragments 

. a thymidine kinasegene the ka ?P a instant region, 

resistance gene .J . 3 re atlVe sel -tion, . neomycin 
constant region were iw?"" " to «»• *appa 

A <-° sphx/aX f gSther Fi9ure 6 >" 

P"C 218/5 . 6kappa was sunT f a9, " ent ^ the Plasmid 
sites of the vector P : r ed ^ ^ S ^ « d Bsu3 61 
The vec t or pSK a i, \ \< ^ PlaSmid PSK.A/5'K. 

CATGCCTATACOOACTCCA TTC^CGCCATrr^ AAGCrrGCCCCC0CA ° CT 
^CGCCATrnrTTAACATATTCGAACOCCGCCC J- 
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purif i e ^^«n^ 

— , extracted with 1 2 « w as cut with 



B «»ct ed with h * ~™ waa cut with 

Precipitated. The DNAwasre r0f0rn ' and Chanel 

-t a c 0ncentration of t;; ^ pendeda "-p"c iPitation 

EDTA. n 9/»l ^ 10 mM Tris-Hci, X ^ 

The embryonic staa OBl , .. 
El < (Hooper, et al . (1 C 9 e g 1 7 lln ' El <^ a subclone of 
^Itured in DJfEM 4.5 g/1 Z ^ ^^S) was 
supplemented with 9/ (J.8.H. Biosciences; 

recombinant murine J^^^ « serum! 

from 

^uta mi ne and 100 U/nl ^ ""/"^aptoethanol, 2 « 

e^ryonic fibroblast "^'in-treated primary 

Ascribed (Koller and layers nti.u y as 

e^ryonic f ibroblas ^ ("39, supra) . ^ 

-rry ing ^ homozy ^ day 14 embryos 

Microglobulin CK oll er an * * Utati ° n of ^2- 

——30,. Th es:uic: ra if hies sci — 

« ™edia containing G418 . C6llS are «pable of growth 
centrifugation and ^-Lp^"* ' C ° nCentrat "n by brief 

at ^ - i° 7 ce ii s/lnl . The pe c nsio ; « H EPES . buffered saiine 

temperature, and linearis ta , e<3Uilibrated at room 
a ^ ed . The mixture ri2ed target ang vector DNA (20 „ g} 

- 1th a BioHad Gene P s eCt ; h ° POrated at ««0 * and £ 
a t room temperature for " he ; ellS l«t to stand 

< * 1° cm dishes of mitomy^i^ 8 ^ ° nt ° 

f - 48 no Urs , th6 J ' *"« incubation at 37- c 

G418 to seIect for J 6 fed raed ia containing 150 

'»th.r 48 hours the «U. w rSSiStance - After a 

G4ia and 2 gancv J ere fed containing 150 
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Arter ten days of d 
gancyclovir, the individuals"'^ ^ " ith b °th g 418 and 
and dissociated With a * * were picked 

5 then in= ubated at 3? . ° f tr ^ Si " i" a 96 well plate, 

--n, were transferred - ce lls from each 

containing mitomyc . n we ll <* a 24 -well plate 

*sdia with G418 , but not ****< m eder and selective 

o ^ days, 20% of the ceifsTe 

0 the remainder used £ « each well were frozen, and 

^th 0.4 ,i „ 1Q T: r ~;r- The ceus — 

. 10 *M EDTA, 1% SDS and prot e ^ s f K 2 f 7 ; 5 > ' "0 mM KaCl, 

incubation at 5 0« c ™ ( mg/l,,1J overnight 

extraction and ethan'ol * Phenol 

70% ethanol and resu S pe nd e d then was ^d with 

1 m EDTA. "tended in 20 Mi of 10 m Tris _ Hcl< 

Southern analysis Was ' . 

digested genomic DNA from ~ „ * ° Ut USin * B 9"I 

Ba^l/Bgm fragraent •** s ^ P i e . An aboufc ^ ^ 

the 3 . homology f :Z7^ZT region conti9uous 

u-d as a probe. The nafive ES cell T^*** ***** 
2-3 Xb fragment, while t J * ° el1 locus 9ave an about 
an about S . 7 kb J~ ES cell l OC u s gave 

*» the l oss of a Bg^iJ^ in •*«• " due 

the deletion vector the cons truction of 

A Southern anal ysis of , 
lines which had the in* . ° S Showed two cell 

^ther analy.e^; 1 ^ were 

- -agment JcT^^T: ^ " ^ 

^ probe on i y l^idii" ^ ~" AS ^"ed, 

Further an a i ysis of * he targeted allele. 
Positive cl ones , 1L2 . S5Q and he iL ^°; ic ™» the two 

and expanded, reconfirmed th ' ^ ^ thawed 

third probe, an abou r ; e i d ^serv.tions. A 

spanning the kappa j r ' , " Hind *"/BgIII fragment 

^e correct inte gration 91 p att ^ t0 ^ 

targeting vector Usi " 'J"*'™ f " m the 5 > end of the 

^ thlS Pr ° be EcoRi digested 
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gnomic DNA, an about " PCT/US93/06926 

-tiv e allale# and an a ^«^* is detected in 

targeted Iocus . The ° U 3 kb fragMent ^ 

(see Figure 7) . 9 US reco «>bination targeting 

The unraodified^T^—- 5 
-tribute to the germl . ne C a S t Us *v, been found to 
ln3 ' ct "nintoc57BL/« Jbla : hXgh ^eguency after 

-Was containing Z eg eraiine 
targeted cell l ines 1L2 . 850 ^ ^ the 

« injection roedluin< ; hich c " 
m 3 ect ed lnto ea Ptoethanol. The Es ^ 

then j^rr ' - ^ inject e ~ 

P-udop regnant ~ to one u terine horn 

b ldentifie ^y c hiffleric c ; a ° t us c e ; C ^er ic Pups were 

to C57B L/6J fema i es J; 10 " ChiBleri = -les were 

COl0r On°e f c? 6 ° ffSpri »* ^ 3gOUti COat 

*» CU IrlveTl: TudgedTv I!" ^ 1L2 " 972 40% 
-ith C57B1/6J fejna L s 9 y Llded C ° at COl ° r) ' UP ° n "^ing 
* ^reguency of 25% as £££ tran SI „i ssion J 

"f-PTi*. cM^ric ma iT ed ab by ^ — o, agouti 

chimeric ^ ies ' about 40% 

iiC / from cell °* and 90% 

tran Smission afc a ^ ^ 1L2-830 yiel de d germlin J 

respectively. ^ t «% and 33% . 

T " teSte ^ — found ; o ™'™> ki ani^ls out 

l0CUS f ° r the targeted c ^ 8t th * *«PP« 

Bgl XI digest using the 7 2 ^ 
Ascribed above as a probe) ^ J* B " HI ' B ^ H 
tan sa mp i es . Further jj-ng genome DNA derived frora 



45 



PCT/VS93/Q6926 

(Ck\ fha -i • • 9 ° hain c °nstant region 

should result m eVelopment °* "-expressing B cells 
: nf> . , ^ . ^ompxete c* deletion (AC*) were 

with wild-type C57BL/6 ^ 11,106 **" 

assayed lor tL l ' ' the F1 pro ^ «*» 

ur ce * the ^ rautati ° n ty — 

station were bredan T K2 J / 106 ^ Carri6d thS 
^^^^^ 

antibodies that react wit, ^ fluorescent 

with the * liaht h 3 Pan " B Cel1 marker ( fi22 °) °r 

itn the k laght chain. For the homozygous ACx F2 ,1. 

no ^-positive b cells Mr ^ fc Se 

"suit, a.,o„ st „ te thst del „ lo „ of t 1 "^™!" 



EXAMPT.F TV 
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The targeting vector was ^ ■ 
^Pe vector initially to " * ^ " 3 "P^c^t 

r 1 as the j ^^on y o t l el ; : D th : constant 

-th three mlamnta through hom jr ^ and repi ace it 
"gions of homology fla J? h °; 0lo 9° us recombination using 

•> • * ^ ri :~; r stant ^ 

! r b ° th o f homology ^ f lank - g ^ther 

" ^ native selectable LIZ * ln S ° me c — 

consisted of the ^ ^ 

additional DNA homology ^ T an 
homologous to a region o^the^kano ^ of mouse DNA 

«* the a reg i on , and a ^ I-us l ocated upstream 

of the inclusion of th ™ dlne kl «ase gene . As . result 

-itial tar geting tUaJTZST * *" this 
locus. Thls dupl . c s *«>nd oopy of the am ^ 

^etion of the -♦j^'^ *P ef fect a defined 
selective pressure. In J* ^ the s ^ents by appl ylng 
thymidine kinase gme " * hlS cas * the cell deletes the 

greened using two probes a . (Strata ' en ^ which was 
This subclone contained abOVe in ^mple. 

dancer ei eJnent and J^f* J ~*-n, an intronic 

chain locus. The L * rS9i ° n ° f the **P- 

^ ent fvan Ness j:ra? ai r b * was a °- s 

a.8 Kb upstream 0?^." ri'^ ^'"^"J that 
lambda clone p ositiva fQr ^ P ^ ge DNA from . 

hybridised to a 5 . 5 kb Sac thlS Pr ° be ^owed that the probe 

;; to sa - -it. of PBlue JZTsT^Tl was subcloned 
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resistance gene and , * «.n. r a A p„, , neomycin 

in some instances °< (Figure 9) 

constructed f rom tnree * ^theria toxin genes were 

<»> th. 5' fragment o/r 1 , 8) fining: 

-iphtheria toxin gene Vith ~ ^hout the 

Phospho glyceratekinas dr-en by the mouse 

selectable marker, , b) t L * ' J P ro ™°ter as a negative 

z r ven by the --^z^:: in - 

(PGK) promoter as a B eoad™ , ^cerate kinase gene 
and the G418 ^1^;. ^ ^ ^ 
PMClNeo ( Thomas and CaDecch tab , le neon * cin (n.o) gene from 

<*iven OT gene . ^ \°^°* v -t„ or w ithout the pGR 
constructed from p SK<A Jl* PlaSmids < Fi ^e 8 ) were 
all derived fro3n ^ ^ B '* nd *«-C, respectively, 
»odi f i cation of the ^ .£ a - d PBluescript SK - by 

The polyli^Qj. f 
-dified by cloning LtweL^T PB1UeSCri ^ S ^ — 
synthetic po lylinker *** * mI and sacl sites a 

«»»ecCT M8a ^ c ^ ^nucleotides 5 ,_ 
TAAGCTTGCGGCCGCAGCT-3 ' antT ^^ G AATTCTA 
GGTACCGCATGCOTACCTCAGG(^TATGCGTftr G ^^ C ^ G ^^^ C ^^ T * G ^^'' 

and S'-ACATATGAAr^r TTCTATMGCMCA TATGT 
CCTCGTAC-3 . to ^^^^^^^TA^TCCSA 

AAGCTTATAGAATTCGGTACC TGGjL™ PlaSmid PSK ' 8 ' 5 '" 
t° create pl ^ G ^ATCCTGAGCTCATAGCGGCCGCAGCT- 3 ' 
G CGGCCGCT ATGAGCTcAGGATc ;; 1 ^ P = K . B a n d 

to create the pl...!^^* 0 ™™"**^ TAc-3- 

A diphtheria t 

growth hormone poly.J nvla * "* the bovine 

fragment from ^ ^ ' • A 2.3 xbaI/EcoRI 

" (1986), Cancer_Res^ 
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16:4 660-4 664) cent • • PCr/ V$93/06926 
"Placed » ith tft W " Pro,o ter M s 9 

s an Diego, ca) »u " to P CR 1000 fim,^ 

PSK. PgkDTb and Hpai to gi Ve ,. h , ° 

oy a complete 1 Bsu36 I digest f„i , 

the Dla kaPPa »W. a to psK i SUbcl °- 

In Plasma ' K and PSK.A/DT/S'K r- ^ 

and u S!nid ' PSK.A/DT/5'K ^ h ' "Actively. 

ln the op P0site Sre ad 3acent to each other r, 

T <- ««* ge ne r Pti ° nai -stations rUn — 

f ^ ^ 65: L PKJt * C^bui..i« 

^/Hindin be tvee7 t un 7 163) ^ as a 

1 fra gment used 
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^ Ba» W r Cons tructed by i ia ^ ■ fragment of 

BamHI and ^ y -gating dsk r r?,* 

a tre ated with alkan digested with 

^-c riptio „ prooe J v „ s orlMtea PP. 

3ch L the Section of ^-k the Piasmid 

kb cassette f=~, the K P n * site «. 

Three-part lia**-- 
Partial ,„„ « «■<«/»«) (olltainM ' I 

l^ated to gether tQ a PSK.C/3'K Were isol 

SacX /NotI fragwent fro °; P s S k K "J ^K/0. 8 K /Neo) , and 6 _« £ 
^"ia! foUowed W * ; C/3. K /0T (obtained by . 3.** 
-dated and J gat T\ d ^°» <* the plas J S m 
8K/Neo)/DT ^ 

Piasmxd DNAs were f . elect «Poration, the pu rified 
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DNA pellets were resusoenrfpH ^ 

in 10 « Tris . Hcl S " SP ^ ded at * concentration of x m g/ml 
Uis HC -l-# 1 mM EDTA(TE) . 

^-tfl^Mctioa_o^D jjA into r»n. 

The embryonic stem cell line pi/ n 

—.u- in z^Tu 2' i:r rM " 

equilibrated *i- >-~ Cells were 

u^ZLT^Z, T P "T"' M Dra «> 

III. described above in Example 

Simple in. P ' tri,pS1 " « s above !„ 

Southern analvsic. 

^zL^r : 2 \t; 89111 

w a.tectea fro, th. n.tive Es cell , 
.4.9 k» vas dM ™ " «hU. . Urg.r 

(Figure u , , uslno *„ * «, «U loc 

froetin,, vector. The f r,~ ,. l09V in th * 

the sjm slt « ln ™" ' r * w,t "•=—•.> in size became 

- id; a rs'sv^-* - * 

l-t- in the thv.iaine J„ as ="* 
the targeted locus. introduced into 

^rs:^*^ sout r- — 

using three different! " ^ 

l) . h Carried the ^tended mutation (Table 



Table I 

C K Light Chain Targeting Result in E14-1 
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Further analvsi«= 

*». POSitive clone y s ; c ;: ne g s en 6 0 2 : ic fi D n NA produced from 4 ° f 

being thawed and expand . ' 611 ^ « 3 ' 

observation,. Us 7* re " c °nf ir^ed the in.itia! 

HindIii /Bg i IIf n / ^ Second P rob ^ a 3 . 7 * b 

*appa locus, the '"T* * ^ « the 

for homologous targeting at th *** 

v^tor. Thus, Ml * '* **' 5 end of the tar geting 

the genomic DNA, a 15 » , EC ° RI di ^t of 

unmodified all.i.. In ^^^^ fr ° m th « 

the targeted a llel e ^ f — from 

introduction of a new EcoRT «. 38 3 result <* the 

~ ^ing the .J^us ^ ' " ^ "~« 

sous integration (Pigu re lx} # 

■ JCi£E2 - gJisi ^a^f-JLi^ion n Ha - 
In order ^f7^c7T h 1^r^ L '^ gl ^^ eted r1nn ^ 
homologously targeted ka n„ , de letion from the 

were plated on fe^r I" 3 ' CSUS ^ C ^e «3 

C11./10 cm dish in the »rL & * ° f °- 5 - a * 106 

MK) and G418 (150 PreSen « <* both gancyclovir (2 

Presence of bot h d rugs ' clo l ^ *" 5 ^ in the 
above into 24 - well ZtJ 'T aS des ~^ 

Afte r an add^na! s^T ^ 

i" each well were frozen and J 2 ° % ° f C6lls 

— DNA as Pr evi0u :^;;:~ —-prepare 



genomic DNA from eac h ..17""* ° Ut BamHI digested 



cells 



Sample - Usin ? as a probe the 0. 
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° RI fr agment used as t- h 
-ctors, a S1 , Ub s OH in the 

E£ c.u locus , ^" v« detected froffl the * 

detecte ^- m the constant re ^ «« 
ll; using 0^ ^^"^^ted hs cell lQCUs 

leased insizebe J s /7 ^ne 653. The 

ADH, and the neo ,ene \^t, ^ ° f the «c gene, 

. of the neo gene. ' *" 1 ' 8 Produced at the 3 ' end 

° dieted cells, a s 5 1 , n . g f DNA '«» the J/constant re gion 

the untargeted all ele as PredV. ^ ^ f — 
restriction ma p. From th Pr6dlCted fr °* -nal ysis of the 

«3). one cell line x 0 Plated (clone 

carried the intended ' " as id -tifi ed which 

regions. eletl °" of the j and constant 

Further analysis 

?»» after b eing ^ ^"1° P " d - d from clone 

-itial observations. ^ r — "finned the 

£ '—ion was cheJe" * ^-nt, 

dlgeSts wni -h should cut outs^ ° ther restri =tion 

- the „ and 3 , ends Qf th :^ °* the excised re?ion 

th iS probe with a tar et ng vector. Thus using 

the unexcised c ione 653> a \ ^ ° f ff«o-io DNA fro* 
fron, both the unmodified and „ ***** *** ****** 
«» additional 4. 9 kb ^ ■ odi "«» alleles, whereas 
targeted allele onl y (F g ^ - Served from the 
«« the same as that detected V , J " ' " * fra ^t 
fragment used previously ^ ^ *> BamHX /B gixi 

digest revealed a 5 8 ^ < r °» Cl °"* *53B, a 

di ^t of clone 653 J ^ «"ed au ele . ft Saci 

^ent shoved a 5. 5 , b L 0m , ^ ^ kb ^ 

a^ W odifi ed all eles " f^f the unmodified 

targeted allele only (Fig J e ^ f "^nt frojn the 

was also detects • 1,1 The 5-5 kb f r *„ 
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2-0*b fraglnent Thes PCr/USP3/069 26 

kb scai ^ nt were J^llZ 111 f — t and the a:o 
pr edicted restriction ffia n ;; s ;; 7;^ - anaiysis of the 

t t Ch <* OKA were del T t d irr:^^^- ^ in 

"^^^^ 

The unmodified El^TTT^ 

g er mlineatah . gh cell contribute to the 

blastocysts. The J* ft * injection into c 57BL/6J 

69i < - which only th ; ka ;; a the tar ^ « cell , ne 

^^ted by nonolo J us ; instant region has be 

-^cti 0n , were ^ ro ;:;^^^ - y negative 

Produced as described above t E — 
**• targeted ES cell ^ "X. Cells frora 

and chimeric ani^ls are produ „ ^ m±Cro ^t e<i 
Chimeric pups m id !".! r ° dUCed as Ascribed above 
GenaUne tra nsi „i ssion of t . * chll »er lc coat color. 




^ — Produri- 

An Spel fragment e ~ ? 
73 «; see Fig Ure 1S) is is "f^ (1988 >' ^§0 ^ 7: 727 _ 

Ascribed by Bern^Tt; ^ ^ U ' ln * ™* P^bes 

c ^n e is obtained U ^ ®^ Z.-^a. 0ne 

The W.t«, y AC clo A r' 1 ""^ t0 be -bout zoo 

*i- Science, ^ „ 48 ~ **/ ' SU P«; Brownstein et 

for the — ^ chain ;Lr; a 7 et ra :r iabeii --- e 7 

— si* , supra) . 
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diu« i molecular weight dna is prepared - 

Plug. from yeast cells containing Qf ^^^^ 

(i.e., a YAC containing the aforementioned Spel fragment 
from the i gH locus) Tho ™» • ■ fragment 
CHEF a Pl a 7 ' 1S slze - f "=tionated on a 

meltina 7 ^ ^ iS CUt ° Ut ° f «>• lo- 

oting point agarose gel. The gel f 

equ.librated with polyamines and then melted and treated 

oT I™° di9est the agarose - The poiy-m.-co.t- 

UWA ls then injected into *h<* »-, n 

„ lnto the ma le pronucleus of 

rertilized mouse embryos which *h 

. y wnicn are then surgically 

introduced into the uterus nf a „ , y 
a= .,- uterus of a psueudopregnant female 

as described above. The tran^on^ <- 

is ,„„,« ^ u transgenic nature of the newborns 

is analyzed by a slot-blot of DNA isolated from tails and 
the production of human heavy chain is analyzed by 
obtaining a small amount of serum and testing it for the 
Presence of Xg cha i ns „ ith rabbit ant ._ human antibodies> 

As an alternative to microinjection, Y AC DNA is 
transferred into murine ES cells by Es ^ ^ 

5109 5113}. First, the neomycin-resistance gene from 
PMC iN eo or HPKX or other mammalian selectable marL and 

:/c e v a e S c V eleCtable ^ inS6rted —sent a 

"^rr™ :rr: This c ™ is — 

* yeast strain containing the IgH YAC anH 
P«ClKeo (or other selectable ^ inte ; a - C ' i:: 

recomb- ? 9UenC6S ° f IgH YAC * homologous 

recombination. The modified YAC is then transferred into 
an ES cell by protoplast fusion (Traver et ai. (1939) . 
Pachnis * a.. 1990,. and resulting G^relistant S 

Tonll^T^ an ° ther SeleCtable * m <*™ ^ 
contain the mtact human l gH sequences are used to 

generate chimeric mice. Alternatively, a purified VAC is 

oh"! T d ',- f0r ^ "Portion or calciu, 

Phosphate-mediated DNA transfer, into ES cells 
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£XA>IELE__VI 

«T CCT GAA TTC TGG ^ 3^"" ^ ^ ^ 5 ' 'AG 
CGT GTC CTG G 3 ' ) were use , ^ V6B= 5 ' GTA ATA CAC AGC 
Washington University h SCre6n DNA P °° ls fro » the 

diversity, st . "[Hi m 2 Ubrary ^^-n 

subsequently screened bv e J ' P ° Sitive P°ols were 

^itive —titer P ^ w ^ 3 7r iZati0n " "» 
Tvo different sized (20S kh f ' identi f"d. 

^ were isolated fro ( m 2 ° t S he k " .«* 215 »»> ^-containing 
to VH6, the Slaller ^ h -crotxter well. la addition 

hybr idi 2ed to probes ^ ^ ^ ' A287 ~ C10 (205 
„, oh, D , ^ " .^lowing sequences: 

YACs , ^ ^ 2 ( ' 2i r k ^- Thel — f the 
following probes: delta £ n hybrid "ed to the 

not to nu . The YACs *V?' D ' ^ *"2, and VH4, but 
» - genes includSg t ^"1?^"^ ^ •* — 
one VH6 gene. Analysis If . T"' ^ VH2 ' ° ne ™ 4 «* 
that the .205 kb y AC C ont a < StriCtion dio ^ts indicated 
that removes some , but not'll TT™ ^ 2 ° ™ 
the reminder of the YAC " ^ ° clust «, with 

9ennli ne configuration * ^ ™ 

digest analysis of the 205 T ^ ^triction 

presence of several different n den, ° nStrated the 

*» *» YAC appeared to ^ B tT" " ^ 

cluster but had a deletion " COniPlete maj ° r D 
» 9-n.. This deletion d " ^ that ""^ the 

^-ter or the enhan r T^T^ *> ™ 
The putative progenia , J " * nd ™ *•»«. 

gnomic region between the VH2 C ° ntalnln * the -tire 

< Sh i" «t al., 1991f ' 7 H2 9Sne and the -Ita gene 

(see Figure «, # nad 
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earlier aliguot of ™. «^ e , an 

examined in order to c " -crotiter pl.t. well Vas 

the ass Un ,pti on that it Was ' pro ^nitor yac Under 

5 ^brary. The A28? . cio « dur.ng passaging Qf 

Kington University st ? ^ ^ Streaked out 
*naly 2 ed contained a " 0 IT' "° } ' a " d 2 <* « clones 
apparently unreIate * b ^ H VAC wlth anofcher 

Ig H YAC, an approxilnat C 1 1 ° ne 1 stained i n addition 
action containel^t^ 20 / 13 ^ « ^ > in 
contained ,u, the J^ZTZZT » ^ ™» *** 
«*««t, see below) and ^ f ° file ^dona Baffi 

Physic al ly separated « £ J he *** from clone 1 
segregation in a cross ^ ^ Unrel ^ed yac by ffleiotic 
genotype = MATa ade 2 ^ ^^^0 and YPH857 

^ yield A2 ^~i'ff 2 ?fr h tf i ^ SMi Mai le^ 

- — ^ ^ ^ ^ U ™ r (h ° St — ype 

££El cam C}£2) . 

A Yac right arm t 
«>) was generated argetin ^ Ve ctor c a i led pLUT0 , 

=-tained on a 6 . x 3 ^ HPRT 

iia£i - a£ ^^ 87 ^ 99 i;rr (Reid ^ ^ 

-te in the Polylin.ero. p4 H (1 " 0) ^ ^ the »*™ 

ClO/ABwao containing both ' h * ^ ^ culture of A287- 

«nr.i.H. d yac Was tralflT , "° I?H YAC ™ « 

transplants ^ " 

-reened by colony hybridl ^' The L ^ clones were 

One clone was identified vhlh Pr<2Sence ° f »«•• 

approx imat ely 245 kb whl a single y AC of 

HPRT and LYS2 . h h y brid "ed to probes for nu , 

demonstrate the i n t act unrea ° f Pr ° bes to 

xg H seguences . ; n j;; r c r ;; e f - - e C i oned , 

cases, the results of BamHI, 



57 



0 94/02602 

«• « to publishea 

Pro« ie d . t „„ in ' ™« «"«.it, w „„. 

(0.« Xco I/PstI fracra ^ n w ^th a D region probe 

the e :r t ir;orn - »■•> 

(Siebenlist at al 19B1 „ 9ene se 9»«its (D1-D4 
4 -5 *b, .. 9 kb and ? 8 ^ '"""tier fragments, 3 . 8 kb , 

W "8. WX3S had one l^^Tr 3 ^ ^ A287 " C1 ° 
^inate from the ch ^\f - P-u ra ed to 

wxth D f a m i ly - specific pr Jj rs PC a R nd and S ° uth ~" analysis 
« the 2X5 kb deletion-derivaT d ^onstrate d 
^ve an intact „ region ^ ^ ^ (Which ^red to 

of the following D gene f ami - , ° £ 2 to 4 Members of each 
The ^ introl/enhanc"" ^ ° K ' ° A ' ° XP 

*» = 5^ TTC CGG CCC ccl Tc C ^ "* ^ a**"" 

«* C TC CCT AAG ACT 3- l! T GC 3 ' «* *»1 = 5' 
generated sing i e restrict* <to * M » i «- to be i ntac t, also 
the predicted si 2es wl * " ^ " tS ° f «W«*i»tely 
Probed with the 48Q *»* «* HindXXX when 

evaluated with a „ appr^t " ^ " r6gi ° n ^ 
^agaent probe .^^^ « tt B ^/HindXXx 
(Ravetch et al., 1981 9 ^ ^ the ent ire JH region 
aerated restriction rrat^'' 583 " 591 ' " A287 " C1 ° 
expected si2es . Furthermore! t^ s l the 
fragments were detected wi tn ^ 

Probes (Ravetch et al enhancer and the JH 

The approximately is'lff^'' SMnetal -< 1991, auaa) . 
A237-C10 and WX38 also Jb^ " - 
sequence (Ravetch et al -« probe 

0-9 kb EcoRi fragment 'Ju ' Hybridizati °" with the 

^^ictio^^nr. (Ravetch et ai - — > 

^ tS ° f a PP r °^n,ately the expected 
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sizes (Ravetch et al. SUDra . c . . 

BamHI (approximately^^" al " ^= > » 
**> expected) and V e *Pe=ted) ; o. 9 kb EcoRi (0 . 9 

^ ea; and approximately i 2 • kh w ^ 
(approximately lx kb expected) wi 3 e aa l J 
BamHI fragment as A287 _ C10 ^ * ""j"* 8 the «—«i«d 
sequenced fro, both of the d^ , ^ rSgi ° nS ^ 

^oth were in .ermune conn "rate: ^ "* 

with an exon 1 PCR BrfV , " fl9Uratlon - Delta was analyzed 

CTG 3' and D1D = 5 , "f™ D1B_ ' AGG ATA ACA GCC 

restriction fragments .o^ ^ ^ ^ 
-pected from the literature J ^t aT '° ^ 

those determined for „ 3e . ^l cl ' ™ ™« to 
-C may be the first £coRI site V o^Zs^ f T 
«KO) or another EcoRi site further 3 ' " ^ 

for VHl, VH4 and VH6 (Herman et », ' ^ Pr ° b6S 

(Takahashi et al 198 * ^ IBB '' and VH2 
*1.«»4-B198) were' used V £E2£i - 2ia ^M i _^ £ i_usA 

content of the y Ac / 2 7^7^ ^ ~ 
approximate the prj^^™ ^ Wl 
"atsudaetal., X993 ^ ral " ^ " ^ ' 
**• three enzymes g^ e ^ 
3ies; e. g . with ^ J r ° ed band^ 

(expected are 3.4 and 7 2 kb «e 3.4 and 7.8 kb 

,™ .r vn4 ( r, » rrr d size ecori 

for VH6 (0.8 kb observed 0 9 kT t e *P ec ted) and 
^Pra; «atsuda et al. Ira, * ' ^ " al - 
The expected size Ecokl^f " A287 " C1 °- 

kb observed 5 4 kb 9 "™ t Seen for ™2 (5.5 

-agents we ; ed ^er:::;^/- the BamHi and 

hybridization of the Bam HI ' Coincident 

pBK 322 P rob e s,j; t :;z~:^ f r ents with a 

5- end of the VK 2 gene ( Sh n t ^ ! ™? " 

5' cloning site th,,= , • • ' ^iJBEa is the 

site and Bam HI s ' ites * 5 ' * indI " 

(estimated to b aDDro ° VeraU ° f ^ * AC 

P-dicted sizB »0 kb) f its well with th . 
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darting at the 5' end of 

extending to an EcoRI sifce ™ J " most VH2 gene and 

et al., suer^,. ° f the del ta locus (Shin 

Two yacs were identified ■ ' 
*•! fPFG) pools from the Washi \" * SCree " ° f PUlsed -"eld 
MO) human y AC library J th : ngt °" UniVerSity fSt " ^ 
constant region (CK) gene (2 /!! frOIn ^ hUI " an kap P a 

— (170 10,, and ' A K ;t; p 2 o D, kbl TheYAcs ' desi — 

deleting element Jcde C K tv „ ' COntain the kappa 

and ext end 3' beyo^'^'. ^J,^ C " J -Tronic enhancer 
also contain the B1 B2 ar TT 9 *' fr01n JK ' the * AC * 
hybridization and/or pgr »J 56068 det ermined by 

The A80-C7/AB1380 st,,/! ! P ° SSibly ° ther ™ sequences. 
VAC, an unrelated y AC of si^r^'. 1 " t0 the 

segregation was used to .?™ Theref °~, miotic 

crossed to YPHS57 and a meJ th6SS YACS; A80 " C7 »as 

contained only the IgK ^J^™ ^ 
iSi!2 Ms3 hiss ly^ ura3 2 ' h ° St genotype = a ^ 

A276- F2 y ACs have *W> janl cyhsj . The A80 _ c? ^ 

the huma, hprt minige ne into ^ "° inc °^te 

restriction analy sis "f th h : ^ ^ 
« using a number of J nz Z s * YACS A80 ~ C7 and A2 ^" 

— —s are ^ -elusion that 

configuration). For e)rannl (i - e " in germline 

^ hy b ridi 2at ion with ^ ^ digeSti °" 'ollov* 
expected 13 kb restriction * * dentonst rates the 

^^^^ 3 7 rr;r (Kiobeck et ai - > ^ 

band hybridizes to a7 K or h (1989) > " %e ^e-sized 

Primer set to ara pi ify the ° V* V kb PCR P r ° d *ct using 
the genomic m ap (K lobeck mtl^ 1 ^' " Predicted « ram 
IV gene (probe is a I23 bn D _ SHfi£a) " ™e B3 c iass 
5-es a 4.9 kb BamHl and a 2 2 ^ *** 83 

- the pubUshed v a i ues of < . 6 £^ Cto " 

n Kb, respectively 
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fLorenz et al., Mo i ec i _l 3nffi u^ 25:479-484 M9 8f n , n 

analysis of both^T^lT^u as hum an 

for th^ * human genomic DNA 

z^:jz°r g kappa iocus seguences «» 

5 L! S1Z6S: KdS (12 ° fa P)' CK (304 bp) c-J 

~r rr et ai - ' 

>° M:i 5 2 :;r 0 3 is ( Li'rtT 2achau ' 

: 65a9 " 7 Klobeck et al - 

et al., 29 (19 ° 5}; and B1 is ^enz 

(HPRT) g ene -loj^^ 1 ^ 1 ^ 1 *"--'-"-- 

20 Huxley, et al fl99ni V 38 described 

y, et al. (i 991) penapjQH 2 . 742 . 750< 

straan containing the yHPRT wa<3 „ * 

tryptophan deficient li^Lia „T " Ur3Cil Md 

25 of yeaL P conta e ^ ^ Sphe ™* las ^ . 400 ,1 culture 

p^r^jruT.T down and the yeast 

sorbitol. The yeJ lJT "* ^ With 1 M 

M sorbitol 10 ITh rSSUS P ended i» SPZM (i 

8.0 30 « *" ^ Ph ° S P hate P« 7-5, 10 EDTA pH 

» 10* yeast ell,/, Z " D 3 C ° nCentration of » ^ 

concentration of s Mg/m y : f 0laSe ^ W " added " * 
«- Abated at ,2^^ 2" ^ ^ ^ 



spheroplasts (usually f'orTi"" ** ^ CeUS 

' uali y r °r 15-20 minutes) Th= 

washed twice in STC m m teS ' * The cells "ere 

»M Caci ) and sorbitol, 10 Tris pH 7.5, 10 

n>w cacij) and resuspended in stc a f = „ 
2-5 x lo'/ml. concentration of 
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5 3. 



-^sion_of_E s_ Cells v.,.,,. „ n . 

P e llet was resuspended in y ; s 5 tp : iet -. Thec ° mbined 

polyethylene glycol f PEG1 , 1 " either 5 °* 

incubation at r-o^ 4. Arter 1.5 minutes 

room t e mperature . for tri^^^r left at 

Pelleted and resuspended in 10 m i oT ES " ^ 
medium (as previously describe » T V <=°*>Plete 

» Plate coated^r rn w r r° one 

20 the m e* iw was replaced with frel " h ° UrS 

hours post-fusion, hat (ES "d ^ F °^" ei ^ 

hypoxanthine, 4xio> « am n T C ° ntainin * ^ „ 
selection was iapoj. T^st 

observed 7-io davs n , f resistant ES colonies were 

* the d iff e rent f usTon c d > " ^ Plat " ^ 

fusion colonies w e ;e p : : tl0 ; S « W » 

-is, and expanded <~™- 

analysis \ . " \ ™ *> Southern b!ot 

ai« se g ue n =:^/pBK;;;r he r bes: a human repetiti - 

55 (B) and l eft ( c YAC v " Se9UenCeS ^ ^ ^ ht 

seance (D) ; yjj t inol ^ ^ ^ 

HPRT probe a a *b ! "! ^ ^ ^ (E > ' T ** ^an 
P be, a 1.6 kb full length cDNA (Jolly et al 
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Natl. Ar,d, Sri ugA 80:477-481 (1983)) was used to 
confirm the presence of the human HPRT gene in ESY clones 
The Alu probe was a 300 bp BamHI fragment from the BLUR8 
Alu element in P BP63A (Pavan et al., Proc. Ww m ^, 
Sci^USA 78:1300-1304 (1990)) . The right and left vector 
arm probes were pBR322-d e rived BamHI-Pvuli 1.7 and 2 7 
kb fragments, respectively, which correspond to the vector 
sequences in pYAC4 (scheme a, b (Burke et al., in: Guide 
to Yeast Genetics and Molecular Biology, Methods in 
Enzymology, Guthrie and Fink/ ^ 

114:251-270 (1991),. The 4 . 5 kb fragr . entj ^ 
the right arm probe, spans the region between the Hindlir 
site at the telomere 5' end and the first Hindlll site 
within the human insert (scheme a) . The 3 kb and 4.1 kb 
fragments detected by the left end probe correspond to 
the region between the Hindlll site at the telomere end 
and the Hindlll site 5' of the yeast sequences, and the 
region spanning from the Hindlll site 3' of the centromere 
into the human insert, respectively (scheme b) . The 
difference in the hybridization intensity of these two 
bands relates to the difference in the amount of homology 
between, these fragments and the probe. The yeast Ty 
repetitive probe ( P hili Ppsen et al., in Gene Expression 
in Yeast, Proceedings of the Alko Yeast Symposium, 
Helsm kl , Korhola and Vaisanen, eds., Foundation for 
Biotechnical and Industrial Fermentation Research, 1-189- 
200 (1983)) was a 5.6 kb Xhol fragment isolated from Tyi- 
containing pj EF 742 which could also detect the 3' Hindlll 
fragment of Ty2, due to the homology between the two 
elements. The LYS2 gene probe was a 1.7 BamHI fragment 
from P LUS (Hermanson et al. , Nuc. Acid... p. c 19:4943-4948 
(1991)). ~ 

Hybridization with a human HPRT probe (full length 
1.6 kb cDKA probe) demonstrated that all the clones 
analyzed contained the same 15, 7 and 5 kb exon-containing 
fragments of the human HPRT gene as the yHPRT YAC 
Reprobing the same blots with a human repetitive Alu 
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sequence 300 bp probe indicated . 

-aiyzed contained m ost, i f not all th ' Cl ° nes 

fragments present in yHpRT ^ A1U -« ntei «^ 

indicate that in mos t of the cloTs ' 
5 — insert had not heen JZ^Z'™™ "V; 0 ^ 

upon integration into the ES cell ^""^ ° r delet ^ 
of YAC vector sem^n gen ° me - Int egration 

for the vector ^s 7t S ^ ^ 

with a proton he °' ^ ^ ^ 

-o^rrtiT^r;^ yac - - - - 

the hu»an insert ( ^^ B ? , ^ MB -."- XlBk - to 

evidence for th« < «. Providing further 

retention. 5 frequency of U£t an , 

puxs.a- t I ;t t e^° ° l0 "' S " 2 ™ d 8 " 7) 

yHpsT, Jiv. /« tr .™ ' ° alysis - ^r—to-ryin, 

Sl ,es vere a e»neoTa" tf S f ° ll0 " in9 ««'»«. 

and • f -:- • internai - 

yHPRT fragments . The end T " ^ t0 the 

clones were Xarger than th b ° th 
VACs integrated with " ^ " 6Xpected 

30 «, for the r ght If/ral T" Chr ° M ° SOme: 185 - 2 °° 

*b for the left en d / ' rSSpeCti ^' over 800 

together .1^^™" *** *™ — 

for the retention of f h * additional 

in these c^ " — V of the ¥AC 

fluorescence i^ ,;:;,^ 65 ^ «-Pl««t.d oy 

in which a si ng Ie integration " Chr ° m ° SO,ne SPreadS 
9 integration sire was detected for the 
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human sequences. Phot-r^ 

CKwr. 13D) f„„ ESJ g 7 ^ ° r ln ^ er Phase nuclei 
^briai« d „ ltt M ("gur. 13 A, B) 

e « -« =.u, ( Pi gu « T 3 h 7" 

biotinylated yeast ron «. ' h ^ brid ^^ with 

<clo„tech, p,l„„ to '"">"" Pla=e„t,l om 

' »i* or d»s fr,„.„T ye "' probe ™-l«t.a « 

A^U-JiejL, 19 . 4943 AQA0 * ^rmanson et al., 

R°eder, fi.il 12:377-386 ( " ^ f a ^ '^1 and 
elements (2.0 and i 5 u, B ^ th * ^ telomere 

(Chan and Tye, ^ a3: 563 ! 5 73 7^ °* ^ 

sequences on C hr™ 3 fl983 » • Hvb "<ii Z ation of 

Motinylatedpro^aTdrt 6 S ^ with 

carried as described by Trask and p v ^ 

horoscope. Chr J.Jjj • Axiophot 

Propidium iodide Th c °unterstai ne d vith 

representative or 95 * Ph ° ton,icro 9«Phs shown are 
interphase nuclei scanned Tn tT" V*"**"' s e re ^ or 

— d out with the hr an ^%~b nt 
integration site was . Probes. A single 

»» same blol ^ 'I s T ^ Se ~- 
™ ve element ^"Jt^!** ™ * 
yeast genomic DNA seguenc ^sTclf ot 

D) • Whereas some of the clon M <PigUre 12 

of the Ty-containing fraam ^ ^ C ° nta±n n ° St 

*«* strain, some oT the ^ * " °» *™ . 

-all fraction if at all f t0 h3Ve * ve ^ 

These results indicate t'hl ^ Ty ~ COntainin * fragments . 

- 'AC 0 NA is integral il:;; ^ 

»-/ xzrrie or no yeast 
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genome DNA was inte grated . To . 

chromosomal DNA was integrated ah if the yeast 

within th. ES cei r edatSlngleor ^lti ple sites 

^ idization was perLrr Esy f r; s r ^ 

a complete Ty profile a • 8 " 6 Which ha d 

^tected U s ing a combine. y^TrLTT^ 

» c, D), indicating that wf" h 1 ^ (Fi ^ e 

™«* the abl te /- ted - one bloc*, 

orderly different . at . o y n ^ergo is.^ 

integrated DNA on the ' n , tablllty and the effect of 
investigated. Pour Es W ^ <* cells was 

amounts of yeast DNA (Esys-V? 2 ; C ° ntaini "? different 

a differentiation pattern ind- I ^ ^ 8 ~ ?) exhibi ^d . 
unfused ES cells . f L™" lndls tmgui sha bi e from that of 

*> a variety J'^^^^ ^i„ g rise 

Southern. blot analyses D , ^ (Fi?Ure " • 

differentiated ES V 5" 7^ °" DNA ~tracted from 

in AB1380 (40 ng) usin ; ( .,' a ;^'- 6 (2 °^ and yHPKT 
^ sequences. Es ^ Alu P"be; (b) yeast 

todies by culturing them as a L T *° ^ 
— day s as described"^ V2ST7 " U " I " Ml - *~ 

culture substratum, Esy . g de ^ " a «achment to t issue 
to dif ferentiated cel / " e ; s 7 eabry ° id b ° dies 9»v. rise 

-e stably retained :rt h ; "fr yeaSt DNASegUen - 
40 days of culJe / lff — tiated ES clones 
demonstrating that the st.h, non - se ^ctive medium, 

T ^ the P1 uritry iy or::r E r: rr gn dna did 

" differentiated culL 13 (FigUre 14 

*-n HPRt g e ne as .^J^ -stained a functional 

blastocysts and the generation of 
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-use blastocystSf an /;;;; er ^ oi ^-t ed int0 C57BL/6J 

Prev 10 u sly described. ch ±! Were derated as 

5 « 7BL/6J f emales and C were , at . a ^ 

» «- P r eS e nce of . - determine 

fr ° m the of the chimed n - ™ A P ^ a ^ 

PreS6nCe °* the yHPRT o^ i n T 'or the . 

-alysis. The pr - the mous . ^ by 

USin * the two ' ^ he ^ft arm was ana 

^"tctcggagcact g T c 9 0l Wl.oti«,.., 5 

cttgcgccttaaaccaacttggtaccg CGACC and 5' 

respectively, froffl CC ^ which were der . 

wthin the y Ac Ieft vec ^! 322 SSgUenc - and the SO p 4 gene 

obtained fro* «. arni - A 259 bp PC p Br(V , 

'ea from the anal °P pcr product was 

the ES * cell lin^.^ 0 ' T COntaini "* yHPRT 

I™" 18 <*-«ic mice generated / 8 " * tail ° NA *W« 
KSV3- 6 and Esy5 . 2/ g J e n r 7 s at ^ ^o. ES v cell l ines b„3-i 

thus indicating the p^^L PC « ^duct, 

Ch^eric nal^T^^?"^™ 
d ~-ed from ^ £sy h coa t color chimeric of 3 o- 60% , ■ 
-t up for fflating Esvs-a and Esy5 . 2 ^ 

to deterraine whet 9 he ^ 1 t lne tran SI „i ssion evaluation, 

via the germ cel L fsD 9enetiC """cation *a 
Progeny of the anima *J*P«u or oocytes, to the 

graved males, 394/ 3^ * the ^imeric ^ 

th f cell genome to their off ^ 4 "~ 1 Emitted 

- tail DNA from the S ° Ut >- Mot an al sis 

-the yHPRT in the gel^rtle" 2 " ^ P — 
^, deriv edfromthe3 f th- e «n ice , 4 - 2 , 4 _ 3 

obtaxned from SUch ^ 5 2 Ch — The Alu pro f iie 

that of the parent £s f_ S ^ "^^.bl. f rora 

em ° nstrat ing that the sac T (FigUre « C) 

— - thr OUgh O..^^^-^^ 
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Using a human HPRt-sd PCT ^93/0 6926 

cDNAs fro, a yHPHT-contalnln 'o/r °" 

of the human hprt gene the Ion 

detected (Figure „. ft <*« ti SSUes tesfced ^ 

transmitted y AC retained its , ' ' den,0nst "tin g the 
this experiment, hunan HPRT ,1^ " ^ In 
inscription ™ ^ ? ^ reverse 

«Hs, spleen and ^ ' ESY 3-1 and Hut 78 fh 

4-3 agouti of fspring 3 -use (c , or ^ 

and a sample .conta in / ng no t T ^ ^ ,95 ~ 2 
"-in Figurel5A) . ZeL7 te ™ A ^"tedas 
and pcr ampiif ication of Se trans ^Ption of poly ( 

Performed us ing the cdna Cyc^ZTr' ™ SegUe " CeS 
amplification of . 626 bp fra l [ Invit "^n) . Specific 
i" the presence of nu J £Tagment f rom human HPRT cDNA 
outlined by Huxle^et a i "** ^ as 
samples Was demonstrated by^' ° f a " *» 

f ° r tte 7-interf eron rec * apUf lc *tion of cDKAs 
to amplify a 359 bn ^= . ™-«F~r. The primers 

used 

and CAGGTTTTGTCTCTAACGTGG T'' GTATGTGGAGC ^AACCGGAG 
interferon receptor ^ *»* and the 

the possibility of obtain- de ^gned to eliminate 

contamination. I " * "* Pr ° dUcts *«- 

genomic 

electrophoresis and visual*" ^ ^ 

™e size' markers are i TiL ^ b ™^e 
detection of mouse ^ (BRL) . The Qf 
i" the samples described ah m -** ^ R 

»»• specific human hpr T ^ ^ in 158. 
other tissues tested ^ ^ th. 
from the 4-3 mouse. Compart heart > 
-se and human „pr T J^^,^^ ^els of 
yHP RT -containin g p rogeny deteCted *« the l iver of 

of as much . ^ate that the 

»■ not detrimental to "T^"" ° f * e -t genoinic DNA 
transmission or gene expres^" deVel ° Pn,ent ' ^Une 
The above result-c ^ 

- -tor the delivery of a sinm 

J Ui a single copy 
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large n.ol eC ui ar weight DN . 

such molecules are stab! M CSllS and ">at 

^ough th . *»ctio„.i ly transmitted 

complemented by pFGE an . The Alu profiles, 

5 for some of the Es clon ^"""^ 'Wdization 

majority of the clones con Str ° n9ly that 

— in unrea ~ a ;r v a r y . an th — 

configuration"), with s . . . 1 e> ln "germline 

^30 retain^ both YAC " ° f Cl ° nes («>%, 

0 y-t gehomic OK^was ;- t Th ; Si9nlfiCant ^a)ceof 

differentiation of ES cells det ^"tal to proper 

not prevent germline tranli^^ "* Aj ^ 2 3 " d did 
^methods, one can tr ^ ^ ~ « ^-sion.* 
0 NA as inserts into non hu ^ * ° f * eno ^ 

inserts may be " " -i.al genomes, where the 

y De transmitted inta^<- v 
transmission. Therefore a 7 germlin ^ 

DNA can be introduced ° f xe n°3enei 0 

mammals, particularly small "° n ° n " hUlnan host * *uch as 
impart novel phenotyL laborato ^ animals, that may 

^mmal, such as g " laboratory animals genes of a 
disease, th e response to ' h ^ <* a 

-agents. .Ite^ileTy ^ *> ' .. 
into a mammalian host to lnt " d uce large loci 

iQ£2 -£S-^lls^nd_ a nbry^ 

^th the HPRT-dlficiLt es ^ and 
Ascribed above. Ten HAT-r M * 6 E14 - 1TG3B * as 

2 ^ 2D, 3A, 3B, 5C I125 T rSS1Stant ES (MY) clones (2B , 
^re picked and ' *' 1125E ' 10 °A500 and 10 o/4000) 

" 6Xpanded DNA analysis 
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u Sing human heavy r^rr e ~;~ e — 

regions, decribad above. All esy m ^ VH2 

contain th. expected > 10 kb ' 11 fOUnd t0 

--es excePt 2D and 3/::::; / f :;r ts - An esy 

«■« kb VH 2 kb f raginent . AU ' BS 7" ] f ° Und t0 C ° ntai " «« 
3B were found to contain th. ' ^ 2 ° a " d 

fragments. Yeast ""nT " "* 7 " 6 *«•• 

^ridization to L^t ™ * 

BSy clones except 2B ,n Ty eleme "t in all 

2B. 3A and 5c I r !< ' . 10 ° /150 ° ^ 5C ' clon- 

c were micromjected into c«37r/« m ^ 
as described above and cm™ ■ 7 blastocysts 

1 **» 3A clone and ^ fr U ° ^ 2B Clone ' 

southern b lo , j££ T t , ^ ~" derated. 

«*i~rie ani^ls, L d "c a t ed th ™ ^ 10 ° f tt — 
all, of th. apparent 10 A1 ? PreS6nCe ° f m ° St ' if not 
CIO in yeastf aTvt °as tb gWentS ' *" 
fragaents. he g I ^ " ^ ^ and D gene 

CB7B L16J raice for g ;^lt meriC miC6 ^ ^ With 
chimeric aale 78K-3 d ^ , trans *^i°n evaluation. A 

«- » cen ge L £" ^ " ^ 

100%. Southern b , . ° ^ S o£fs P^ng at a frequency of 

. agouti j:zlz\z r taii dna from 4 -* - 

chain sequences ln<JlCated the P«sence of huanan heavy 

Kappa^^::^^-- ^ -e hu^an 

H14.1TC3B! ES cell al T ^ ^ (yA8 °- CT > 

digested Js f r'o ra th "< HindXXX- 

•11-th. apparent To Alu f r6Vealed ^ P ^ S ^ ° f 

EXAMPT.F v T j 
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As ail alt^rnaT? ^^-^^^imUan 
Examp ies i- V t h a PProach to that set r ^ 

5 - se Ig 1o ;; s ' b h ;r P1 ; g .— - : - ; 

^eavy and i ight Cna * fragments of the human 

^- i- folios by tne -combination. 

in w hich the eJC n t 10 s V f Chi ™-- transonic 
C ° ntribUte ^0 the genn u r n y e °; iC derive, cells 

The replac^ ^^^^^ 
VHe-^.c,.,, heavy A h sseg 

^r«y as described bef "f 011 ^ 01 ;^ ft* a hum^c 
seances, which drive the I ***** ^ h «W 
-Places event , cental 1 o "r: 10g ° US rSCOnbi -^- 
-use ce-c*. heavy cha ^ * 1 ** *u*l fr agment of ^ 
the *' half of ^ and a 5 «S 8 fragroent 

sequences, respectively *' ends of the hufflan 

-fences areisolate y ^ure 16). These 
the. probes des ™ a mo ^e enbryo genoffllc 

^£a) . respectively TheT. Kraw i"^l 
—ainin, . n^Z^£* to BafflHI f ^ent 
•Wx vi rus thymidine , ^ * ene <*iven by tne H ' 
a Po^a enhancer is *-aUrZ 
^thies, 1989> ° ^ fro. pMci N eo (Koller and 

a th d 1S to convert h y n: ; CadaPt ° riS add ^ -to 

the resulting f r agment ^ ^ lnto a Ba »« -nd 

Ce " C ° m a pi aSBlid . " to the BamH! mouse 

From the YAC clono 

DNA seguences ;;;;\ ain ^ «>. h u ffla n he avy chain 

reco Vered either by inv ; ea e Qf ^ ^ 
^ Si:7485- 7489)/ Qr * < German ^ ^ ( „ g • 
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(Burke ^ ^ p CT/US93/06926 
; tJJ 8 ^'^- « *i. (1989 , scienc 

° f ^ V AC is l igated t0 th V: riVed the 3, Cd ^ 

clo T se J55s - ; c i ibedabove - ^ hman 

Hxs3 ; 9 vector that a yea r d int ° a haif -^c 

e e E c } a sin * le t.i«. r . ( Tel } Th VAC ' a 
--or with a differfint e ,n 

hi 3 Sln9le TEL - ha lf _ yA S c ele ° table flaa} 

V6 Dna is linear i2ed " VSCt ° r ^"taining^ 
^ram t hat is d el etea ^ to tra„ sforn a ^ 

lo « and which carrie f "J 116 ^aosoaal ^ -t 

hav eundergonehom ^ v- s e to yeast colonles J 0r 

; a 6 c d : a — and ci nt ir a r t:\ tion Wtween 

—or cont aining the n l reC ° nblnant *Ac. The half _ 

;;: v usea to ^^Ztzv*. is then iinea ^ 

Tn a v ° USSteP - Select -« f or i c n train gene «te d in the 
y " Strain c °nta inina th Clne - protot "Phy re sults 

VAC (see Flgure 16) ^th. co Bplete IgH 

simultaneously for , trans ^™ation step * * * 
TM* • ieucine and se lecting 

' ThiS iS P^ticularly useful J"' hls t adine prototrophy 
a -ntric YAC anns are f Ul When the ori ginal centric ^ 

-to ES cells by AC ls lsolated and intro 

embryos . J-ctxo„ as described ^.^^ 
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«t- M toLrwitt nl ^JSl. h t T n immUn0gl0buli " loouB are 
to generate mice ^11 I ^ 

of breeding are to ' ««- ^rations 

homozygous for inactive murine " 3 m ° USe that is 
immunoglobulins and h , ^ kappa and heavy chain 

— chain ^z^rzr u ^~ — - 

shown in Figure 17. breeding scheme is 



EXAM?T,.v -y 

A. ImmnniEatinn ^ fflin: 

repeated after 35 and 56 /,y s ^7^^' 

immunized animals to test th. ^ ° n the 

against the immunizing . ° f SerUm ant ^odies 

Mghest ti ter ^ ^"LTd ^ ^ ~ UM With th * 
sacrificed, and the spleen removed. 

B. Fysjop o f rnienoey^ 

Myeloma cells used as h, 0 « . 
spleen cells are thawe d , /! ^ Partner for **• 

.-n in tissue cuT tU r e on^ *° ^ ^ « 

cells are split into " / day bef °" the f usion , the 

«" serum at e " »• fetal 

the morning of the"" T ° f 5 * e «"-/»l- °n 

e ,ual volume of m ed ium s T ^ ^ ™ 

serum and 2X opx "* Z,, ^ ^ 2 ° % ^ «" 

(J mg/ml oxaloacetate n i ™ / , 

pyruvate and o. 4 iu/ ml < n ' ' 1 " ,g/lnl sodi "™ 

iu/ml insulin) solution. 

pieces and most cells nave been removed. 
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The cells are washed i n fresh * ■ 

clumps allowed to settle out. 6 Wediuin ' and the 

The, splenocytes are furhh. 

is added to the cell „ i «. • prwanMd me <3ium 

-in»t... The cells are 1Ut ;° n ' Stifrin? Slow1 ^ 3 
—d. The are a ^ the supernatant 

supplemented with ZO^J^ZT* * " ° f ^ 
and IX AH solution (58 uH T 1X ° PI Soluti °n 

fused cells Irl^T^' ^ 1 ^ ^™i ne) . 
cult ured at 37 . for 0 n e Te ek ^ ^ and 

a^inst the ^un^/ ° n ^ ^ <~ ****** 
further tested, or indiv^ ^ « 
has been identified the-ii When a Positive well 

96-vell Plate to 0 5 T T *" transfe " e <* the 
-tal J, ser l°,°; x 5 : p V?r iUln S ^-nted with 20% 
When that culture IZl's ZsT ^ 
-"to 5 ml , and then Cells •« expanded 

are sub-cloned so that a sin V ^ the ° ells 

1- ^ the cul t u re . * Cueing cell 

non-hur n ~;;; t T T above proce — * — 

Produced which' can be 9 ^ ^ ^ * 

antibodies or ana i ogs iL^™ 12 ^ t0 Pr ° du « ^an 
-ner, the problems * thi. 

monoclonal antibodies ar. „ obtaining hurcan 

can be im £™ ' the *"»«*»nic 

used with a hu, an h:^ Furt T n09enS ^ Mt 

booster injections and ad i m ° re ' PrWld « f <~ 

and adjuvants which would not be 
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b. used for ^ J™" 1 '* "-c.il. may 
Production of the desired the continuous 

»y be used for isolatj ^ ThS i ^ tali2ed 

immunoglobulin or an tl0n ° f the genes en coding the 

,o dification 9 * to further 

mutagenesis or other te.h SUCh as Wtro 

-turne. to the in.ort^^n" ^ 
Provide for a cont inuous raa L a , * transf -tion to 

^sired antibodies. ^ ^ ^ ^ e of the 
a convenient source of h„ m lnv ^tion provides for 

an tibodies are Pro :::: m zzT ies ' vhersth ^^ 

. Production of antibodies in " 9 ° US to the 

-Us conveniently p^ ^ h ° St ' ^ .ani mal host 

rearrangement of hunian DNA the Ovation and 

Production of hlInan antibo the *>* cells for 

In accordance with ^ 

-tibodies can be *-» 

Proteins, by inmiun . 2at ed to i mnmn0Q;ens , fig> ■ 
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